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PROCEEDINGS OF 


THE ROYAL SOCIETY. 


Sscrroif B. — Biological Scixscss. 


Addres$ of the President^ Lord Rayleighf O.M., D.C.L., at the 
Anniversary Meeting on November 80, 1908. 

Since the last Anniversary the Society has sustained the loss of eighteen 
Fellows and four Foreign Members. 

The deceased Fellows are : — 

The Right Hon. I/)rd Kelvin, died December 17, 1907. 

Sii’ Alfred Baring Garrod, died December 28, 1907. 

Robert Lewis John Ellery, died January 14, 1908. 
i’rof. James Bell Pettigrew, died January 31, 1908. 

William Ashwell Shenstone, died February 3, 1908. 

Sir John Denis Macdonald, died February 7, 1908. 

Lieutenant-General Sir Richard Straohey, died February 12, 1908. 

Dr. William Edward Wilson, died March 6, 1908. 

Dr. Henry Clifton Sorby, died March 9, 1908. 

Sir John Eliot, died March 17, 1908. 

The Duke of Devonshire, died March 24, 1908. 

Dr. James Bell, died March 31, 1908. 

Colonel Andrew Wilson Baird, died April 2, 1908. 

Sir John Evans, died May 31, 1808. 

Lerd Blythswood, died July 8, 1908. 

Arthur lister, died July 20, 1908, 

The Earl of Bom, died August 29, 1906. 

Prof, tFiUiam SJward Ayrton, died November 8, 1908. 
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The deceased Foreign Members are : — 

Piene Jules O^sar Janssen, died December 23, 1907» 

Franz von Ley dig, died April, 1908, 

Henri Beoquerel, died August 26, 1908. 

fileuth^re ^llie Nicolas Mascart, died August 26, 1908. 

The list of deaths this year is exceptionally heavy, and includes the name 
of pne of the most eminent scientific men of our generation, who occupied 
the Presidency of this Society from 1890 to 1895 — I refer, of cour^, to 
Lord Kelvin. ^ 

We are fortunate in having secured for our ‘ Proceedings ' a review of 
Kelvin’s life and work, written by one who is especially well qualified for the 
difficult task. I do not doubt that Professor Larmor is right in placing in the 
forefront of that work those fundamental advances in Thermodynamics which 
date from the middle of the last century. It was Kelvin who first grasped 
the full scope of the principle known as the Second Law, a law which may 
indeed well be considered to stand first in order of importance, regarded from 
the point of view of man’s needs and opportunities. It would be futile to 
attempt here a re-survey of the ground covered by Professor Larmor. 

My acquaintance with Kelvin was limited, until about 1880, a time when 
I was occupied with measurements relating to the electrical units, and 
received much appreciated encouragement. From then onwards until his 
death I enjoyed the privilege of intimacy and, needless to say, profited,, 
continually from his conversation, as I had done before from his writings. 
Our discussions did not always end in agreement, and I remember his 
admitting that a certain amount of opposition was good for him. ®Such 
discussions often invaded the officers’ meetings during the time that we were 
colleagues, not always to the furtherance of the Sooiety^s business. But 
I must not linger over these reminiscences, interesting as they are to me* 
We shall never see his like. ' 

By the death of Sir Richard Strachey we have lost a man well khown to 
the senior Fellows, who served repeatedly upon the Council and whose 
advice was always valued. He was a bom administrator ; and by his work 
in India and afterwards at the Meteorological Office he rendered splendid 
service. 

Dr. Sorby’s researches extended over many fields, and in several of them 
he was a pioneer. I suppose that his greatest achievement was the intro- 
duction of the method in which thin slices of rock are examined under the 
microscope. Among his many interesting observationa are those upon the 
retardation of freezing in capillary tubes. It appears that the walls exercise 
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an influence at distances much greater than thoM UBoall; regarded as 
molecular — evidence apparently of structure upon an extended, scale. 
Dr. Sorby belonged to a class on whom England has special reason to 
congratulate herself, men who pursue science unprofessionally. The names 
of Cavendish, Young, Joule, and Darwin at once suggest themselves. 
It is to be feared that specialisation and the increasing cost and com' 
plication of experimental appliances are having a prejudicial effect in this 
regai^. On the other hand, the amateur is not without advantages ndiieh 
compensate to some extent. Certainly, no one who has the root of the matter 
in him should be ^eterred by fears of such difficulties, and the example of 
Sorby suffices to show how much is open to ingenuity unaided by elaborate 
appliances. 

The name of Sir John Evans must not pass without special notice. There 
are few in recent years to whom the Society has been more indebted. 
Many of our Fellows hardly realise bow important and laborious are the 
services rendered in the office of Treasurer. Evans’ scientific attainments, his 
knowledge of the world and of business, and his personal characteristics 
specially qualified him for office. An appreciation, signed by well-known 
initials, has recently appeared in our ‘ Proceedings.’ 

On the Foreign List also the losses are heavy. We have especially to 
condole with our colleagues in France upon the havoc caused by death within 
the last year or two. Janssen, and Mascart, who was much missed at the 
recent Electrical Conference, had reached a full age. But Becquerel was in the 
full tMe of life, and we had hoped to learn much more from him ; as the 
discoverer of radio-activity, he had opened up inquiries whose significance 
seeoAi ever on the increase. Science has lost a leader ; his friends and the 
world a charming personality. 

During the time that I was Secretary, and so concerned with the passing 
of mathematical papers through the Press, I was much struck with the 
carelessness of authors in the arrangement of their manuscript. It is 
frequently forgotten that a line of print in the ‘ Transactions ’ and in the 
new form of the ‘ Proceedings ’ will hold much more than a line of ordinary 
manuscript, unless, indeed, the handwriting is exceptionally small. Unlesa 
the authors’ indications were supplemented, it frequently occurred that 
several lines of print were occupied by what might equally well, and injmy 
judgment much better, be contained in one line.< Even practised writers 
would, do erell, when they r^rd tlieir manuscript as complete so far as 
regards mattet and phraring, to go over it i^n entirely from the point of 
view of the printing. Xn this way much expense and space would be spared, 
and the appearance of the printed page improved. Professor Larmor has 
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drawn up a paper whicli has received the sanction of the Council and is 
appended to this Address, and will, it is hoped, be of service at once to 
authors and to the Society, (The paper is printed in Series A only,) 

Apart from questions of printing, the choice of symbols for representing 
mathematical and physical quantities is of some importance, and is 
embarrassed by varying usages, especially in different countries. A 
Committee now sitting is concerned with the soleotion of symbols for 
electrical and magnetic quantities, but the question is really much wider. 
One hesitates to suggest another international conference, and perhaps 
something could be done by discussion in scientific new|papers. Obviously 
some give and take would be necessary. When the arguments from 
-convenience are about balanced, appeal might be made to the authority of 
distinguished men, especially of those who were pioneers in the definition 
and use of the quantity to be represented. As an example of the difficulties 
to be faced, 1 may instance the important case of a symbol for refractive 
index. In English writings the symbol is usually /i., and on the Continent w. 
By the early optical writers it would seem that no particular synibol was 
appropriated. In 1816* Brewster has The earliest use of ^ that I have 
come across is by Sir John Herschel,f and the same symbol was used 
by Coddington (1829) and by Hamilton (1830), both distinguished workers 
in optics. On the other hand, n was employed by Eraunhofer (1816), and 
his authority must be reckoned very high. As regards convenience, I should 
suppose that the balance of advantage would incline to /a, since n is wanted 
so frequently in other senses. Another case in which there nfiy be 
difficulties in obtaining a much to be desired uniformity is the symbol for 
electrical resistance. * 

On a former occasion 1 indulged in comment upon the tendency of some 
recent mathematics, which were doubtless understood as the mild grumbling 
of an elderly man who does not like to see himself left too far behind. In 
the same spirit I am inclined to complain of what seem unnecessary changes 
in mathematical nomenclature. In my youth, by a natural extension of a 
long established usage relative to equations, we spoke of the roots of a function, 
meaning thereby those values of the argument which cause the function to 
vanish. In many modem writings I read of the zeroes of a function in the 
same sense. There may be reasons for this change ; but the new expression 
seems to need precaution in its use ; otherwise we are led to such flowers of 
speech as “aeroes with real pert positive/' which I recently came across.^ 

* * Phil. Trana/ 1815. 

t ‘ PhU. Trans./ 18S1, p. m 

I * Proc. Math. Soc./ vol. 31, p. 386. 
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But though I may use a little my privilege of grumbling over details, I hope 
I shall not be misunderstood as undervaluing the progress made in recent 
years, which, indeed, seems to me to be very remarkable and satisfactory, 
regarded from the scientific point of view. On the other hand I cannot help 
feeling misgivings as to the suitability of the highly specialised mathematics 
of the present day for a general intellectual training, and I hope that a careful 
watch may be maintained to check, in good time, any evil tendencies that 
may twacome apparent. 

.^mong the notable advances of the present year is the liquefaction of 
helium by Professo# Onnes of Leiden. It is but a few years since Sir J. Dewar 
opened up a now field of temperature by his liquefaction of hydrogen, and 
now a further extension is made which, if reckoned merely in difference of 
temperature, may appear inconsiderable, but seen from the proper 
thermodynamical standpoint is recognised to be far-reaching. The explora- 
tion of this new field can hardly fail to afford valuable guidance for our 
ideas concerning the general properties and constitution of matter. Professor 
Onnes’ success is the reward of labours well directed and protracted over 
many years. 

The discovery and application by Kutherford and Geiger of an electrical 
method of counting the number of a-particles from radio-active substances 
constitutes an important step, and one that appears to afford better determina- 
tions than hitherto of various fundamental quantities. It would be of interest 
to learn what interpretation is put upon these results by those who still 
desire to regard matter as homogeneous. 

-A|iother very interesting observation published during the year is that of 
Hale upon the Zeeman effect in sun-spots, tending to show that the spots are 
fields of intense magnetic force. Anything which promises a clue as to the 
nature of these mysterious peculiarities of the solar surface is especially 
welcome. Until we understand better than we do these solar processes, on 
which our very existence depends, we may do well to cultivate a humbler 
frame of mind tlian that indulged in by some of our colleagues. 

A theoretical question of importance is raised by the observations of 
Nordmann and TikhofiF showing a small chromatic displacement of the 
phase of minimum brightness in the case of certain variable stars. The 
absence of such an effect has been hitherto the principal argument on 
the experimental side for assuming a velocity of propagation in vacuum 
independent of frequency or wave-length. The tendency of the observations 
would be to suggest a dispersion in the same direction as in ordinary 
matter, but of almost infinitesimal amount, in view of the immense distances 
over which the propagation takes place, Lebedew has pointed out that 
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this conclusion may be evaded by assuming an asymmetry involving colour 
in the process by which the variability is brought about, and he remarks 
that although the dispersions indicated by Nordraann and Tikhoff are in the 
same direction, the amounts calculated from the best available values of 
the parallaxes differ in the ratio of 30 to 1. In view of this discrepancy and 
of the extreme minuteness of the dispersion that would be indicated, the 
probabilities seem at the moment to lie on the side of Lebedew’s explana- 
tion ; doubtless furtJior facts will be available in the near future. ^ 

I cannot abstain from including in the achievements of the year the 
remarkable successes in mechanical flight attained by tHe brothers Wright, 
although the interest is rather social and practical than purely scientific. 
For many years, in fact ever since I became acquainted with the work 
of Penaud and Wenham, I have leaned to the opinion that flight was 
possible as a feat. This question is now settled, and the tendency may 
perhaps be to jump too quickly to the conclusion that what can be done 
as a feat will soon be possible for the purposes of daily life. But there is 
a very large gap to be bridged over ; and the argument urged by Professor 
Newcomb and based on the principle of dynamical similarity, that the 
difficulties must increase with the scale of the machines, goes far to 
preclude the idea that regular ocean service will be cpnducted by flying 
machines rather than by ships. But, as the history of science and invention 
abundantly proves, it is rash to set limits. For si^ecial purposes, stioh as 
exploration, we may expect to see flying machines in use before many^ years 
have passed. 

The Report of the National Physical Laboratory for the year again indicates 
remarkable growth. The various new buildings, which have been erected 
and equipped during recent years at a cost of about £33,000, are now 
occupied ; and the result is that both researches and test work can be carried 
out with much greater ease and efficiency than previously. The Executive 
Committee in charge of the Laboratory is indebted in the first instance to 
H.M. Grovernment, and then to the numerous friends whose assistance has 
made this possible. At the same time, the needs for buildings are not nearly 
satisfied. There has been during the year a very marked and important 
growth in the demand by manufacturers and others for assistance in metal- 
lurgical enquiries, which require investigations, frequently of a very complex 
character ; and with the present accommodation for much of the MetaUur- 
gical Department this demand is difficult to satisfy. Thanks in great 
measure to, the Goldsmiths* Company, the chemical side of this department is 
well provided for ; but new buildings for the other branches of metallurgy 
are au urgent want. 
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The Beport of the Treasury Oommittee of Inquiry referred to in the address 
of lost year was communicated by the Treasury to the Boyal Society, with 
the intimatioii that Their Lordships accept the recommendations of the Com- 
mittee, and trust that the Royal Society may see their way to do the same. 
In their reply the President and Council, with the concurrence and advice of 
the Executive Committee of the Laboratory, expressed their readiness to use 
their best endeavours to carry the Report into effect. The Report has since 
been presented to Parliament. 

"Ae bmldings of the Magnetic Observatory at Eskdalemuir are now 
occupied; but, unfortunately, diflioulty has arisen in making the magneto- 
graph rooms which are underground completely watertight, and the recording 
apparatus is not yet properly installed. 

The third and fourth volumes of ‘ Collected Researches ’ of the Laboratory 
have been published during the year, and testify to the vigorous scientific 
activities of the staff. The third volume is occupied chiefly with the account 
of the prolonged series of experiments on electric units carried out at the 
Laboratory by Prof. Ayrton, Mr. Mather, Dr. Lowry, and Mr. Smith. These 
researches proved of great value in the discussions at the International 
Conference on Electric Units, for which recently the Society provided 
accommodation and entertainment at the request of the Government. 

The progress of the ‘ Royal Society Catalogue of Scientific Papers ’ has 
advanced a definite stage during the year, through the publication by the 
Cambridge University Press of the Index Volume of Pure Mathematics for 
the jNTneteenth Century. Owing to the magnitude of the material to be 
indexed in the several sciences, it has been necessary to adopt drastic 
measures of compression, and the 40,000 entries involved in the present 
section have thus been condensed into one royal octavo volume of some 
700 pi^B. An essential element in this saving of bulk has been the 
grouping of titles within each heading so as to avoid reprinting the leading 
words. It was, perliaps, inevitable that this device would occasionally be 
mistaken for an attempt at organic classification within the limits of the 
main headings, which are substantially those of the yearly ‘ International 
Catalogue of Scientific Literature.' This had, indeed, been foreseen in the 
preface of the volume. As regards new actual sub-headings which have been 
introduced occasionally, the Committee remark that “ These minor classifica- 
tiona, being often made mechanically on the basis of the explicit mention of 
the sub-heading, are not to be taken as exhaustive ; cognate entries may be 
found elsewhere under the same main heading. The unit of classification is 
thus the complete numbered heading." 

The Oommittee of the Catalogue have indeed been fully conscious 
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throughout of the dififtculties of the task which they supervise ; and it must be 
gratifying to the Director of the Catalogue and his staif to have tlie support 
of high authorities, not confined to this countiy, in their decision that in so 
extensive an undertaking practical feasibility must be the aim rather than an 
elusive theoretical perfection. One advantage, at any rate, will accrue from 
bringing out a single volume well in advance, in that the Committee will be 
able to profit in the future work from the experience they have acquired. 

Through the kindness of Dr. Schuster I had the opportunity of submitting 
to the Council, before the expiry of my term of office, a generous propbsal 
which he makes for instituting a fund of £1600, the interest of which is to 
be applied to pay the travelling expenses of delegates of the Society to the 
International Association of Academies, Dr. Schuster felt that the absence 
of such a provision laid a burden upon delegates, and might operate to 
limit the choice of the Society. I was empowered by the Council to convey 
their cordial thanks to Dr. Schuster, and I have now the pleasure of making 
his benefaction known to the Society at large. 

In taking leave of the honourable office which I have occupied for three 
years, I desire to thank the Society and especially my colleagues, the officers, 
for the consideration which they have uniformly shown me. All the omens 
indicate that the Society will be represented by one well versed in its 
affairs, and whose scientific distinction and wide experience justify the 
highest hopes for his tenure of the chair. 


MEDALLISTS, 1908, 

Copley Medal, 

The Copley Medal is awarded to Dr, Alfred Bussel Wallace, r.E.S, 

It is now sixty years since this distinguished naturalist began his scientific 
career. During this long period he has been unceasingly active in the 
prosecution of natural history studies. As far bock as 1848 he accompanied 
the late Henry Walter Bates to the region of the Amazon, and remained 
four years there, greatly enriching zoology and botany, and laying at the 
same time the basis of that wide range of biological acquirement by which 
all his writings have been characterised. From South America he passed 
to the Malay Archipelago and spent there some eight fruitful years. It was 
during his stay in that region that he matured those brood views regarding 
the geographical distribution of plants and animals which on his return to 
this country he was able to elaborate in his well-known classic volumes on 
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that fiubject* It was there, too, amid the problems presented by the infinite 
variety of tropical life, that he independently conceived the idea of the 
theory of the origin of species by natural selection which Charles Darwin 
hod already been working out for years before. His claims to the admiration 
of all men of science were recognised by the Koyal Society forty years ago, 
when, in 1868, a Royal Medal was awarded to liim. Again, when in 1890, 
the Darwin Medal was founded, he was chosen as its first recipient. He is 
still* full of mental activity and continues to enrich our literature with 
contributions from his wide store of expeiience and reflection in the domain 
of Natural Historji. As a crowning mark of the high estimation in which 
the Royal Society holds his services to science, the Copley Medal is now 
fittingly bestowed on him. 


Eumfokd Medal. 

The Rumford Medal is awarded to Prof. H. A. Lorentz, For. Mem. R.S. 

Prof. Hendrik Autoon Lorentz, of Leiden, has been distinguished during 
the last quarter of a century by his fundamental investigations in the 
principles of the theory of radiation, es{>ecially in its electric aspect. His 
earliest memoirs were concerned with the molecular equivalents which 
obtain in the refractive (and dispersive) powers of different substances; 
in them he arrived at formulai that still remain the accepted mode of 
theoretical formulation of these phenomena. The main result, that 
2) is proportional jointly to the density of distribution of the 
molecules, and to a function of the molecular free periods and the period of 
the* radiation in question, rests essentially only on the idea of pnjpagation 
in some type of elastic medium; and thus it was reached simultaneously, 
along different special lines, by H. A. Lorentz originally from Helmholtz’s 
form of Maxwell’s electric theory, and by L. Lorenz, of Copenhagen, from 
a general idea of propagation after the manner of elastic solida 

The other advance in physical science with which Prof. Lorentz’s name 
is most closely associated is one of greater precision, the molecular develop- 
ment of Maxwell’s theory of electro-dynamics. This subject was never 
entered upon by Maxwell himself, on the ground, probably, that the general 
relations of the tether, and in particular their dynamical bearings, offered 
a definite field which must be fully probed and explored before the 
usoertmnties connected with molecular complexity became ripe for effective 
detailed treatment. But the theoretical difficulties connected with the 
simple ,1bw of the astronomical aberration of light, and particularly with 
the entire absence of any effect of the Earth’s uniform motion in space on 
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terrestrial phenomena involving radiation, had more recently rendered thia 
problem urgent. Following on various purely optical papers on the 
phenomena of moving bodies, Prof. Lorentz, in 1892, elaborated a general 
molecular treatment in the memoir '*La TheSorie Electro-magn^tique de 
Maxwell, et son Application aux Corps Mouvants/* which apj>eared in the 
' Archives N^erlandaises,^ and contains substantially the main root ideas of 
the subject. In 1905 it was re-expounded with further development in a 
tract entitled Versuch einer Theorie der Electrischen und OptiscAen 
Erscheinungen in Bewegten Kbrpern/* the main feature being the elimiii&- 
lion of the dynamical element in the previous discussion in favour of a 
formulation by a system of abstract equations, after the way first set out by 
Maxwell himself as a summary of his final definite results as distinct from 
tlie formative ideas underlying them, and afterwards brought into prominence 
by the expositions of Heaviside and Hertz. 

By these writings Prof. Lorentz has taken a predominant place in the 
modern evolution of electric and optical theory. He has since been active 
in special applications, of which the best known has been his theoretical 
prediction of the physical features of the alteration of the lines of the 
spectrum in a magnetic field, which hod been discovered and has since been 
developed by his colleague Zeeman. ^ 

Boyal Medaijs. 

The assent of His Majesty the King, our Patron, has been graciously signified 
to the following awards of the Medals presented annually by him to the Society. 

A Boyal Medal to Prof. John Milne, F.B.S., for his work on Seismology. 
In 1875, Dr. Milne accepted the position of Professor at Tokyo, which 
was offoi^ed to him by the Imperial Government of Japan. His attention 
was almost immediately attracted to the study of earthquakes, and ho was 
led to design new forms of construction for buildings and engineering 
structures with a view to resisting the destructive effects of shocks. His 
suggestions have been largely adopted, and his designs have been very 
successful for the end in view. Incidentally he studied the vibrations el 
locomotives, and showed how to obtain a more exact balancing of the moving 
parts, and thus to secure smoother running and a saving of fuel. Here 
again his suggestions were accepted, and his work was recognised by the 
Institution of Civil Engineers. 

He next devoted himself to the study of artificial shocks produced by the 
explosion of dynamite in borings. He then studied actual shocks as 
observed at nine stations connected by telegraph wires. A seismic study of 
Tokyo, and aubsequently of the whole of northern Japan, followed. In this 
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latter work he relied ou reports from 60 stations. The Government then 
took up the matter, increased his 50 stations to nearly 1000, and founded a 
Chair of Seismology for Mr, Milne. It is due to his energy, skill, and know- 
ledge tliat the Japanese School of Seismology stands as the first in the world. 

While still in Japan he attempted to obtain international co-operation 
through the representatives of 13 nationalities. This first effort failed; 
but subseciuently, on his return to England in 1895, he succeeded, and 
repeats are now received by him from some 200 stations furnished with 
trustworthy instruments, and scattered all over the world. On his return to 
England he at onte established his own observatory at Sliide, in the Isle of 
Wight, and the work has been carried on continuously from that time up to 
now, mainly by his own industry and resources. 

In Great Britain we owe everything in seismology to the British Associa- 
tion. Their Committee was founded in 1880, and since that date Milne has 
been the moving spirit in the long career of its activity. He has been the 
author of 29 annual reports, and these form in effect a history of the 
advance of seismology since it has been recognised as a definite branch of 
science. 

The knowledge which we have now acquired as to the internal constitution 
of the earth is more due to Milne than to any other man. 

The work of Dr. Henry Head, F.R.S., on which is founded the award of 
the qflier Eoyal Medal, forms a connected series of researches on the Nervous 
System (made partly in conjunction with Campbell, Rivers, Sherren, and 
Thompson), published for the most part in ‘ Brain ’ at various times since 1893 
up to the present date, and constituting one of the most original and 
impeurtant contributions to neurological science of recent times. 

His first paper (1893), founded on minute and laborious clinical investiga- 
tion, established in a more precise manner than had hitherto been done 
the relations between the somatic and visceral systems of nerves. He 
confirmed from the clinical side the experimental researches of Sherrington 
on the distribution of the posterior roots of the spinal nerves. 

An inquiry into the pathology of Herpes Zoster (1900), which he proved 
abundantly to be due to inflammation of the posterior root ganglia, indicated 
that the areas of referred pain in visceral disease corresponded specially with 
the distribution of the fibres of the posterior roots subserving painful 
cutaneous sensibility. 

Continuing his investigations on the periphetal nerves, partly by experi- 
ments on himself, in conjunction with Rivers, and partly by examination of 
oases of aeeidental injuries to nerves, Head was led to formulate (1906) an 
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entirely novel conception and differentiation of the functions of the peripheral 
nerves, and of the paths for the respective forms of sensibility which they 
convey — epicritic, protopathic, and deep Bcnsibility, This is generally 
regarded by neurologists as a researcl) of quite exceptional originality 
and ability. 

Following the course of afferent impulses, Head next showed (1906) that 
the sensory paths of the peripheral nerves at their first synaptic junction with 
the spinal cord become ro-arranged, and ascend in different relation# in 
certain definite tracts. 


Davy Medal. 

The Davy Medal is awarded to Prof. William Augustus Tilden, r.R.S. 

The researches of Prof. Tilden extend into many domains. His work 
on the specific heats of the elements in relation to their atomic weights, 
described to the Society in the Bakerian Lecture for 1900 and in two later 
papers published also in the 'Philosophical Transactions/ was of high 
theoretical importance. The employment of liquid oxygen as an ordinary 
laboratory reagent, rendered possible by the researches of Dewar and others,, 
enabled Prof. Tilden to test the validity of Dulong and Petit’s I^aw arid 
of Neumann’s Law over a much wider range of temperature than was 
possible before, and gave a truer estimate of the nature of their validity. 

In the region of organic chemistry, he has carried out important researches 
on the terpenes, such as that on tlie hydrocarbons from Pinvs sylvesiris, on 
terpin and terpinol, and on limettin. » 

In inorganic chemistry, his investigation on ayua regia and on nitrosyl 
chloride are especially noteworthy. He has assisted much in clearing up 
many points with regard to aqim regia about which obscurity remained. 
His introduction of nitrogen peroxide and especially of nitrosyl chloride as- 
reagents has proved, in his own hands and in those of other workers, to be of 
very high value. 


Dauwik Medai.. 

The Darwin Medal is awarded to Prof. August Weismami for his contribu* 
tions to the study of evolution. He was one of the early supporters of the 
doctiine of evolution by means of natural selection, and wrote in support of 
the Darwinian theory in 1868. His great series of publications from that- 
date onward must always remain a monument of patient inquiry. In 
fonning an estimate of his work it does not seem essential that we should 
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decide on the admissibility of his germ-plasm theory. It is in like manner 
unimportaut that he was, in certain respects, forestalled by Galton, and tliat 
his own views have undergone changes. The fact re^nains that he has done 
more than any other man to focus scientific attention on the mechanism of 
inheritance. By denying the possibility of somatic inheritance, he has 
compelled the world to look at this question with a closeness of criticism that 
is wanting in all earlier inquiries. In the opinion of what is perhaps the 
maj(jity of naturalists, he has achieved much more than this — he has 
convinced them that the solution of the problem of evolution must be sought 
along the lines of his doctrine of germinal continuity. Thus the preformist^s 
point of view, for^which he has done so much, forms the basis on which 
Mendelians and Mutationists are at work. 

Weismann’s work was highly estimated by Mr. Darwin. Thus he writes, 
in 1875 ('More Letters/ i, 356), of Weismann's paper on Seasonal 
Dimorphism ; ‘‘ No one has done so much as you on this important subject, 
i,e,, on the causes of variation.’* Again (* Life and Letters/ iii, 198) : “ I 
have been profoundly interested by your essay on ^ Amblystoma/ and think 
you have removed a great stumbling block in the way of evolution/* And, 
once more, in January, 1877 (‘Life and Letters/ iiii 231), Darwin wrote of 
Weismann’s * Studien zur Descendeuzlehre * : “ They have excited my interest 
and admiration in the highest degree, and whichever I think of last seems to 
me the most valuable,” 


Hughks Medal. 

The Hughes Medal is awarded to Prof. Eugen Goldstein. 

Aof. Goldstein was one of the early workers on the modern detailed 
investigation of the electric discharge in rarefied gases, and by long continued 
researches has contributed substantially to the systematic analysis of the 
complex actions presenting themselves in that field. Of these researches may 
be mentioned his observations of the effect of magnetic force on striations, of 
the phosphorescence produced by the cathode rays, and of the reflection of 
cathode rays. 

By his discovery of the so-called Kanal-Strahlen, or positive rays, he has 
detected an essential feature of the phenomenon, which, in his own hands 
and in those of other workers, has already thrown much needed light on the 
atomic ti’ansformations that axe involved. 


X4 


A Trypanosome from Zanzibar. 

By Colonel Sir David Bkuce, C.B., M.B., F.E.S., D.Sc., LL.D., Army Medical 
Service, and Captains A. E. Hamebton, D.S.O., and H. R. Batsmak, 
Royal Army Medical Corps. 

(Received September 18, — Read November 26, 1908.) 

ft 

(From the Laboratory of the Royal Army Medical College, London.) 

[Platks 1 and 2.] Q 

About the middle of April, 1908, Dr. J. Rose Bradford, F.E.S., had handed 
over to him by Dr. Edington, F.R.S.E., a rabbit whose blood contained 
a trypanosome. Dr. Edington stated that he had inoculated the rabbit with 
blood from a horse he found at Zanzibar suffering from some obscure disease. 
This rabbit was handed over to one of us (D. B.) by Dr. Bradford for the 
purpose of keeping the strain alive and, if possible, identifying the species of 
trypanosoma. 

The following notes have since been received from Dr. Edington. The 
trypanosome was found at Zanzibar, where no trypanosome has formerly 
been known. It occurred in a horse in a stable among others, of which none 
were infected. The animal was old, and had been many years in the place. 
At death the symptoms were like those in surra and nagana, but the spleen 
was not .enlarged, nor was it coloured abnormally. The usual oedetm was 
apparent and most marked in the sheath, up the abdomen, in the chest, and 
down the posterior limbs. ^ 

Dr. Edington inoculated a horse, an ox, and a goat successfully. The 
disease ran a sub-acute form in the original horse, but in the inoculated one 
it seemed rather more acute. Inoculated on February 18, trypanosomes 
were seen in its blood on the 26th, and by March 1 the sheath was 
swollen. There was no real fever (102®'2 F.) until February 28, so that in 
this case the appearance of parasites preceded the fever. On March 7 it had 
greatly recovered, oedema had subsided, and the weakness of the preceding 
few days was recovered from. Dr. Edington left on March 8, and fears the 
animal was destroyed, as they had no further vote for funds for food, etc, 

A young ox, inoculated on February 15, showed trypanosomes on the 27th. 
It had fever fairly high, but had recovered before be left, and trypanosomes 
were exceedingly few, A goat showed high fever, but its blood never showed 
trypanoBOJTies at any time, although Dr. Edington hunted with very great 
thoroughness. 
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Two rabbits were inoculated, one subcutaneously and one intraperitoneally. 
The former was sent to Dr. Mesiiil from Marseilles, but it has shown 
nothing. It was twice inoculated with big doses, one from a horse and one 
from an ox. The other Dr, Edington handed over to Dr. Bradford, and from 
this rabbit tlie trypanosome under consideration was obtained and studied. 

On examining the rabbit’s blood, the trypanosome wets found to be a small 
one, with poorly-developed undulating membrane, and no free flagellum. 
Th^average length was only 13 5 microns. 

^though it is impossible in some oases to name the trypanosomes from 
their shape and sixe alone, still it is evident that a trypanosome of this size, 
with no free flagAluui, cannot be Trypamsonia hrucdy cvand, gambieme^ or 
several other species which need not be enumerated. The names of such 
small trypanosomes as Tryyaiiosovia nanum (Laveran), TryirnTwaorm migolense 
(Broden), or Tryparvoaoma dimorplio'n (Dutton and Todd), at once occur to* 
the mind. 

No doubt the tendency in naming these heematozoa is to multiply 
unnecessarily the number of species. But, on the other hand, it is just as 
great a mistake to lump too many species together, as has been done. If 
there is some well-marked difference in two trypanosomes, even if alike in 
sliape, such as their power of setting up disease in certain animals, their 
mode of spreading from the sick to the healthy — ^it may be in one by tsetse- 
flies, in another by stomoxys, or tabanus, or by other means — then, naturally,, 
it is of great practical use to distinguish them by different specific names. 

Ajjain, it might be aigued, that if two trypanosomes were different 
morphologically, but had the same effect on animals, the same distribution 
anfl the same carrier, then the two varieties for practical purposes might be- 
included in the same species. 

For example, when we have to do with Trypaimmma gambieme we at onco 
know that man is susceptible, that the carrier is Glomna pa]pali$, and that 
we must keep' ourselves out of the area of distribution of this fly if we 
would escape infection. Theories in regard to the spread of sleeping 
sicknefis by mosquitoes, stomoxys, fleas, sexual intercourse, and such like,, 
may, for practical purposes, be ignored. If it is Trypanomma hrucei, then 
we know man is not susceptible, but that we must keep our horses, cattle, 
and dogs out of the area of distribution of Glomria mordtam. 

The three most important questions to be borne in mind, in classifying 
trypanosomes, are, what animals are they capable of infecting, the gravity of 
the infection, and, thirdly, what is the carrier ? To these may be added 
the morphology of the trypanosome, its cultural characteristics, if any, and,, 
if possible, cross-inoculation experiments. If these several facts could be 
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set down for each trypanosome encountered in Africa, then some classifica- 
tion of the African species might be attempted. But it is only for a few 
species, such as Trypanosofna gamhiense and Trypanosoma hmcei, that we 
have all these data. Take, for example, the case of Trypwmmma congoleme 
(Broden) and Trypmwsoma dimorphon (Dutton and Tcxld) — most important 
trypanosome diseases. Laveran thinks they are distinct on account of a 
cross-inoculation experiment, but Bi^oden himself, Bodhain, and Dutton and 
Todd all seem to lean to their really being one and the same sp^ies. 
With the data at our disposal at present it is impossible to come to a definite 
decision. 

At the present time the classification of the pathogenic trypanosomes is in 
a state of chaos, and we have no desire to add to the confusion. Neverthe- 
less, we think it will be well to give a description of Dr. Ediagton*s 
trypanosome, as far as we have been able to study it, in view of the fact that 
we are starting at once for Uganda to continue the investigation of sleeping 
sickness. 

Morphology of Dh. Edington's Tuypanosomk. 

A. Living, titidained. 

Dr. Edington 8 trypanosome in the fresh condition, as seen in a drop of 
blood from an infected guinea-pig or rat, appears short and stumpy in 
outline, about twice the diameter of the red blood corpuscles, among which 
it slowly moves, with, as a rule, its rapidly-vibrating flagellum in front. The 
posterior or non-flagellar extremity appears blunt and rounded off abruptly, 
while the anterior tapers oflF to a fine point. In the fresh preparation the 
undulating membrane is not much in evidence, though sometimes it cag be 
seen thrown into waves. The contents of the cell are homogeneous, except 
for a small refractile body at the posterior extremity, which is evidently the 
micro-nucleus. 

B, FuH and stained. 

Method of staining, — The method used for fixing and staining the 
tiypanosomes is usually as follows. The blood-film while still moist is 
exposed to the vapour of a 4-per-cent, solution of osmic acid in distilled 
water, to which a drop of glacial acetic acid has been added, for 46 seconds. 
The cover-glass is then transferred to absolute alcohol for from five minutes 
to half an hour. It is then passed through grades of alcohol from 80 per cent, 
to 10 per cent, in distilled water. Twenty-five drops of CKernsa's stock 
stain (Grtibler's) are now mixed with 25 c.o. of distilled water. The films 
are placed in this, face downwards, for 8 to 12 hoars, then washed in distilled 
water, and rinsed quickly in solution of orange tannin (orange G. I per cent, 
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taxinin 5 per cent, in distilled water). When sufficiently decolorised, the 
films are washed in distilled water, dehydrated by passing through acetone, 
cleared in xylol, and mounted in Canada balsam. 

Dr. Edington's trypanosome when stained in this way appears of a pale 
puce colour with reddish-purple nucleus and micro-nucleus. The following 
detailed description must be understood to refer to this trypanosome as 
found in the blood of the white rat 

length . — It is no easy matter to measure those small irregularly-shaped 
bodies, and doxibtless the method of measurement used will govern to some 
extent the result aThe method used by us is simply to draw a sharp outline 
of the trypanosome by means of a Zeiss camera lucida, at a magnification of 
2000 diameters, and then to measure along the middle line of the body by 
means of a pair of fine compasses, the points of which are separated 
2 mm. Each step the compass takes is therefore equal to 1 micron. Twenty 
trypanosomes, taken as they come, are measured in tlxis way in each 
specimen, and an average of the 20 measurements taken. The following 
table gives some of the results : — 


Dr. EdiiigiorCs Tryyamsonie. 


TSo. of experiment. 




184, mouse 
O&fmt 


II 

II 


84, n^bbit . 
Q^ea'pig 


Bay of 
disease. 

Method of 
staining. 

Average 

length. 

In miorons. 

Maximum 

length. 

Minimum 

length. 

9 

O'iemsa 

15-8 

20 '0 

18*0 

SO 

Leishman 

18 *0 

16 -0 

10 *0 

80 

Oiemsa 

18-9 

17*0 

10 O 

80 

Methyl green ... 

18 4 

1 18*0 

10 ‘0 

80 

Giemsa 

15 0 

18*0 

18*0 

»0 

Leishman 

18 '6 

17*0 

11 *0 

28 

Giemsa 

18 *0 

16 *0 

9*0 

18 

... . ... 

12 -6 

16 *0 

8*0 

14 

II • 

18 -0 

10 *0 

10 *0 


A.Terago ...... 

18 *6 

17 *1 

10 -4 


YOU LXXXI.— B. 


0 
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For purposes of comparison measurements of Trypanotoma dimorphmt toA 
TrypmiosoTm coTigolense are given in the following tables : — 


Ko. of experiment. 


Mouse (Lareraii end 
Mesnil) 

116, rat (Breinl) 


Bog (Harvey, Sierra 
Leone) 

Cow (Smith, Sierra 
Leone) 


142, mouse 
148, mouse 
162, rat ... 
,, 

164, rat ... 


ay of 
sease. 

Mothod of 
ataining. 

In nuoroEtJ. 

Average 

length. 

Maximum 

length. 

Minimum 

length. 

Trypanosoma dimorphon. 


e 

P 

0iec20a 

18 *8 

, 17-0 

13-0 

Id 


13*8 

ia -0 

11*0 

9 

Leiihnian 

11 *8 

14*0 

9-0 

9 


i2-6 

16 *0 

11 *0 

P 

,, ...... 

12 -8 

16 *0 

9*0 

P 

„ ...... 

12 *4 

16 *0 
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Trypanosoma congolense. 
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Breadth . — On an average the breadth at the widest part is 3 microns? 

Shape. — Dr. Edington’s trypanosome when stained is seen to be of a short 
and stumpy shape, somewhat reminding one of a miniature electric eel. 
The posterior extremity is, as a rule, blunt, or rounded or obtuse-angled, but 
sometimes, though rarely, it is prolonged into a shar{) beak-like process. 
The anterior end tapers more or less, and ends in a short stout flagellum. 
The undulating membrane is narrow but distinct. The flagellum arises at or 
near the mioro>nucleus and passes along the edge of the undulating 
membrane. There is no free flagellum, the protoplasm of the cell and the 
undulating membrane extending as far as the tip of the flagellum. 

Contmiti of Cell . — The protoplasm, which is stained a pale puce colour, is 
homogeneous in structure. 

Nucleus . — The nucleus is oval in shape, about 2‘5 microns in length, and is 
situated at the centre of the trypanosome. 

Miero-mekus . — The micro-nucleus, centrosome, or kineto-nuolens, is smell. 
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round, or rod-*Bhaped, and ' is situated close to the posterior extremity. It 
stains more deeply than the nucleus. 

Unduloiting Memhram. — The undulating membrane is narrow. As a rule 
it is straight and simple, and does not show much tendency to be thrown 
into folds. 

FUtgdlum, — The flagellum stains intensely. It is well marked, and does 
not project beyond the protoplasm of the cell and the undulating membrane. 
Sometimes, in faintly-stained specimens, there is the appearance of a slight 
projection of the flagellum beyond the body ; but, speaking broadly, this 
species of trypanosome may be said to have no free flagellum. 

The conclusion to be drawn from a study of the morphology of 
Dr. Edington's trypanosome, Trypwmsoma dimoTphoriy and Trypanosiyma 
congolcme, is, that the two first resemble each other very closely, whereas 
Trypanosoma congoleme seems to be of a somewhat shorter and stouter form. 
It will also be seen that in the strain of Trypanosoma dimorpkon used there 
is only one form, and that, the short or tadpole form described by Dutton and 
Todd, With regard to this, it may be of interest to quote some remarks of 
Dr. Breiul, to whom I am obliged for his courtesy in sending me this strain. 
He writes : — With regard to Trypanosonm dimorphon, you are aware that 
some remarkable change has occurred in the strain between the time 
Drs. Dutton and Todd brought it back from Africa and we started work 
on it here. Whereas Drs. Dutton and Todd describe the long flagellated 
forms with the free flagella, Thomas and myself, Laveran and Mesnil, could 
not see these forms with a thin body and a long flagellum. The strain I send 
you in a rat is the original strain.” 

Iff is difficult to understand how this change in morphology has been 
brought about. It may be that Duttou and Todd were dealing with a double 
infection, of which one has died out. This point will require to be investi- 
gated on the spot. 

Another matter for consideration is whether this name Trypanosoma 
dimorpkm should be adhered to. It certainly seems a misnomer when 
applied to the strain figured above. If it should be decided to drop it, 
I think the compliment should be paid to Dr. Todd of naming it after him. 

Inoculaiim BsperimenU on various Species of Animals. 

The animals, in which the eflect of the inoculation of Dr. Edington's 
trypanosome has been studied, have been horses, cattle, goats, monkeys, dogs, 
rabbits, guinea-pigs, white rats and mice. The inoculations were made, as a 
rule, intri^ritoneally. Inoculation experiments with Trypanosoma dimorphon 
ai30 also given for purposes of comparison. These are printed in italics ; — 

c 2 
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Ooncltt^m , — ^The results of these inoculation experiments with Dr. Edington's 
tt^f^nosome and Trypanonoma dimorphon show that they act on the various 
animalB employed in a strikingly similar manner. 


GtTlTVtktVXR OF Da. EdIKGTON’S Trypakobomb, Trypanotoma dimorphon, 
ajn> Trypomsoma oongolmat. 

In (Tmoe, 1903, Hovy and MaoNeal first announoed the successful cultiva* 
^on of i^ryptmosoma Imm. In the same year and in the following year tbe^ 
also snooeeded in ooltivating Trypmoaoma brueei and Trypanosoma evanti. 
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These gentlemen deserve the highest possible credit for this morti difficult 
achievement, an achievement which most workers in this subject thought 
impossible. The amount of work they expended and the splendid intelli- 
gence and pertinacity with which they pursued their object, refusing to 
accept defeat, command the admiration of all their co-workers in this branch 
of biological science. Shioe then the trypanosomes of birds, frogs, and fish 
have been cultivated by the same and other workers; but these successes 
have only been made possible, as a rule, by the pioneer work of Novy and 
his assistants. Coming out of their work, mention may also be made ofthe 
very interesting and important observation made by Rogers when he grew 
Leishman’s bodies in ordinary citrated blood into trypanosome-like flagellates. 

One of the chief interests attaching to this cultivation of trypanosomes is 
that it may assist in separating the different species of these organisms. At 
the present time trypanology is in a state of chaos on account of this difficulty 
in differentiation. Many diseases of animals caused by trypanosomes have 
been reported from all parts of Africa, Arabia, India, the Philippines, 
Mauritius, etc., and it has often been found impossible to name the species 
of trypanosoma causing them with any approach to certainty. 

As mentioned above, the usual method of separatiDg the different species 
is by taking into consideration the morphology, the result of inoculation into 
animals, the cross-immunisation methods and serum diagnosis of Laveran and 
Mesnil, the mode by which the disease spreads from the sick to the healthy — 
by a tsetse fly, a stomoxys, a tabanus, or by contact, as in dourine — by the * 
effect of various drugs, cultivation, etc. ; and, as already stated, the effict the 
parasite has on animals and the mode of conveyance are probably^ for 
practical purposes, the most important. But to assist in separating the 
various species, cultivation has been of use in the past, and, as the methods 
become perfected, will be of still greater use in the future. 

The following description of the cultural characters of Dr. Edington's 
trypansome exemplifies this, for, by comparing them with the cultural 
characters of other pathogenic species, a fairly shrewd guess at its classifica- 
tion may be mode by this means alone. For the purpose of this comparison 
a compilation of the cultural characters of Tryfawmm, Uwm, Trypanoaoma 
hrueei, and Trypanoioma evcmai has been made from the writings of Novy, 
MacNeal, and Smedley. 

It may be mentioned here that attempts have been made in this laboratory 
to cultivate these three species. The cultivation of the first was found to be 
a comparatively easy matter; but all attempts, and they were many, to 
cultivate the last two have, up to the present, failed, although Novy^e 
instructions were carefully followed. 
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Cultivaiim Mcditm u$td. 

The blood'agar medium used was made according to instructions kindly 
sent by Prof* Novy. These need not be repeated here, as the details are fully 
given by Novy and MacNeal in various papers. 

CcrLTOKAL Chaeaotkes of Trypanosoma lewisL 
A. Liviny, unstained. 

Stze . — ^Varies considerably in size. Some are not more than 1 or 2 
miflrons long, not including the flagellum. Others are about the diameter of 
a red blood coq)u^le, while the usual length of the spindle-shaped cells is 
15 to 20 microns. Some trypanosomes can be found at times which are 
50 to 60 microns long. The greatest variation in size is found in young 
cultures. 

Shape. — Trypanosoma lewisi varies greatly in shape, as well os in size. 
Hound, pear-shaped, fusiform and slender forms are present in the cultures. 
The round forms are usually found in old cultures, and are probably 
involution forms. 

Contents of Cell, — The protoplasm in Trypanosoma lewisi^ especially in young 
cultures, is bright, glistening, and apparently homogeneous in structure in 
the fusiform and slender forms. 

Undulating Membrane, — Not present as far as can be seen. The move- 
ment of these cultural forms appears to be entirely due to the rapid motion 
of the flagellum. 

Migellum, — These forms possess, as a rule, a long free flagellum. In the 
slender forms this is sometimes twice the length of the body. 

^oHon, — The single, slender, cultural forms of Trypanosoma lewid are 
very active, and dart across the field of the microscope in a straight line. In 
older cultures the round and other involution forms do not, as a rule, show 
more than a slight swaying movement.- 

Colonies or Aggregation, — Growth commences in a first generation about 
the fifth day by the appearance of small rosettes composed of a few 
trypanosomes. The colonies rapidly grow, so that on the following day 
masses of wriggling trypanosomes may be seen. These aggregations of 
twenty or more are attached by their flagella. They grow larger and larger 
until, about the twenty-fourth day, they are apparent to the naked eye, and 
consist of many thousands of trypanosomes. 

B. Fixed, stained, 

iVo^c|>iam,----Homog6neou6, as a rule. Vacuolation is rare, but sometimea 
a large highly-refractile vacuole is seen. 
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Nudms . — Bound or oval in shape. Situated centrally or at the jimdaon 
of the anterior and middle thirds. 

Micro-nncleuB , — Is placed either close to the nucleus or at a variable 
distance anterior to it. In the free forms it is never seen lying posterior to 
the nucleus. As a rule, it is a rod-shaped stiuoture, lying transversely to the 
long axis of the trypanosome. 

FlageXlvm . — Arises from the vicinity of the micro-nucleus. The free 
flagellum is often two, three or four times the length of the body of,,the 
trypanosome. t 

Undulating Membrane . — In the cultural form of Trypanosoma leivisi this 
structure is apparently absent. 

Colonies or Aggregations . — There is little to add to the description of the 
trypanosomes and of their arrangement in colonies. Stained preparations 
show that the trypanosomes sometimes possess very long flagella. Novy 
and MacNeal* have not apparently succeeded in staining the flagellum in 
their preparations, though they noted the position of the centrosome. They 
expressed the opinion that the end of the trypanosome pointing towards the 
periphery of the colony was the anterior extremity, and that from it a 
flagellum would arise if the cultural conditions were perfected (Smedley), 

Meamremtnis of the Cultural Forms of Trypanosoma lewisi. 

Fear-shaped Forms. — (1) Body, 3-6 to 4 4 microns long, and nearly as broad. 
(2) Flagellum, two to four times the length of the body. 

Spindle-shaped Forms . — 14 to 16 x 2*4 to 3*5 microns, flagellum not 
included. 

Smaller and larger forms are frequently found. « 

The adult parasitic form of Trypanosoma lewisi measures 24 to 26 x 
1*5 microns (Laveran and Mesail) (Smedley). 

CULTUBAli Chakaotebs OF Trypanosoma hrucei. 

A. Living, mistained. 

jSt^'e.^Shows less variation in size than Trypanosoma hwisi, and averages 
15 microns in the living condition. Smaller than those found in the blood. 

Shape.^Do not vaiy much in shape, and closely resemble the forms found 
in the blood (Smedley). 

OonteifUs of CW/.~Show one or two very large, bright, and highly-refracting 
globules, iwually placed near the anterior or flagellar end, in the otherwise 
homogeneouB colourless cell. In size the globules may attain 1 micron 

♦ * Oultivation of Trypanosoma brum,' p. fiS. 



25 


1908 «] -4 TrypanoBome from Zanzibar. 

At times the aumber of these globules is increased, as when the culture is 
kept at 34^ C. The presence of numerous large, highly-refraotile globules 
in the cultural forms of Trypammma hrucei is attributed by Novy and 
MacJTeal to degeneration of the organisms, owing to imperfection of the 
culture medium. These globules l>ecome more numerous as the age of the 
culture advances. Do not seem to alter in position or shjjipe if kept under 
observation for several hours. Resist staining completely. Laveran and 
Mesnil suggest that the globules are of the same nature os the refringent, 
unstiiinable granules found in Tnfpanomna rotatorimu 

ITifidulaUng Me^rtihram. — No detailed description available. 

Flagelluvi. — The ifagellum in the living cell is by no means os distinct and 
as long as that of Trypmwaoma hwisi. 

Motion.^ — The motion of Trypammma hrucd is slow and wriggling, and 
only exceptionally is a slowly-progressive form observed. The wave-motion 
slowly passes along the thick, undulating membrane, and gives tlie appearance 
of a spiral rotation to the entire cell Scarcely departs from its place (Novy). 
In a young culture the trypanosomes are found to possess very active 
movements. Sometimes they advance across the field moderately quickly, 
but their rate of movement is always much slower than that of the rat 
trypanosomes, whose flagella are longer and more rapid in motion (Siuedley). 

Colmie^ or Aggregates. — Occurs in groups or rosettes. Rarely forms masses 
of more than 10 to 20 cells. The individuals are long, narrow, and show the 
I peculiar writhing motion. The flagella are directed outwards, and the appear- 
ance oU the whole may be compared to the snakes on a Medusa head. The 
stellate group with the bright, refracting globules within the cells, suggests 
a jeweller's “ sun burst ” (Novy). The active movements of the trypano- 
somes, and the large glistening vacuoles with which they are studded, give 
these colonies a singularly beautiful appearance (Smedley). 

B. Fixed, staineiL 

Protoplasrn. — The protoplasm invariably contains a few deeply-stained 
granules of a red or violet colour. The vacuoles are seen as clear circular 
spaces with sharply-defined outlines in stained preparations (Smedley). 

JVtw/«itjj,----Round or oval in shape ; and in older forms it breaks into masses 
of ctomatin, which ore found distributed through the protoplasm of the cell 
(Smedlej), 

Mioro^nwl0m . — This is much smaller than in Trypanosoma lewid ; it is 
usually circular, but sometimes elongated. It stains a deep red or purple 
colour, and it is sometimes difficult to distinguish it from the other granules. 
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It is generally found close to the vacuole ; sometimeB it lies close to the 
nucleus, but it is nearly always posterior to the latter structure (Smedley). 

Flagellum. — Takes a tortuous course along the free border of the undulating 
membrane, and projects for a short distance from the anterior extremity 
(Smedley). 

Undulating Membrane . — No detailed description given. 

Colonies or Aggregates . — Most of the flagella are directed in an outward 
direction. It is rare to find colonies of a large size (Smedley). ♦ 

• 

MeamrcmeniB of the Cultural Forms of Trypanosoma brucei. 

Length, including flagellum, 18 to 23 x 2*5 to 3*5 microns. Length of free 
flagellum, 3 to 5 microns. Diameter of vacuoles, 1 to 2 microns. The adult 
parasitic forms of Tryfamsoma hrucei measure, in the blood of rata, 26 to 27 
X 1*5 to 2*5 microns (Laveran and Mesnil) (Smedley). 

CULTUKAL Charactebs OF Trypanosoma evansi. 

A. Livingy unstained. 

Size. — The body of one large individual measured 21 microns, while the 
flagellum was 28 microns in length. 

Shape. — The slender fusiform body terminates at one end in a delicate 
flagellum. The posterior end, especially when blunt, showed a rod-like tip 
or stylet, which varied from 2 to 4 or even 6 microns in length. As the < 
cultures aged, pear-shaped or spherical, highly granular, involutions forms 
appeared. In the former type, measuring about 3 by 5 microns, the end was 
often provided with a flagellum, 10 to 16 microns long, which still shewed 
a slow lasliing movement, though the cell itself was motionless. The 
spherical forms varied from 4 to 9 microns in diameter, were granular, and 
often showed a remnant of the flagellum as a short, stiff, motionless whip. 
These involution forma, as in the case of Trypanosoma lewisi and Trypano- 
soma brucei, eventually gathered into large groups or masses, which at times 
filled the field of an immersion lens. Later on, the round bodies broke up 
into masses of very minute granules. 

Contents of CM. — Presence and peculiar arrangement of granules within 
the cells, and a distinct yellowish or greenish colour of the granules and of 
the contents. Large numbers of small granules or globules, which vary from 
0*3 to 0*6 micron in diameter. These globules, as well as the contents of the 
cell, possess a decided yellowish or greenish colour, and appearance quite 
unlike that of either Trypanosoma lewisi or Trypanosoma brucei. The 
globules are usually massed in the anterior-third of the cells— that is, at the 
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baae of the flagelluBi, and only a few isolated granules are scattered through 
the remainder of the organism (Novy and MacNeal), 

UndtUating Membrane, — Is not recognisable in the living organism. 

Flagetlv/m, — Usually as long and often even longer than the cell itself. 

Motion , — All single and actively motile, traversing the field of the 
microscope at great speed. Travel with the flagellum in rear or in front. 

Golmim or Aggregates , — Entire absence of the groups or rosettes, which 
are sb characteristic of the cultures of Trypanosoma leivisi and Trypanosorm 
hrv^i. The trypanosomes were all single and actively motile. 

• 

Measurement of the Cultural Forms, 

Length, including flagellum, 25 to 50 by l‘o to 2’6 microns. 

CcJiiTURAL Charactkhs OF Db. Edington*s Tbypanosome. 

A, Living^ xi^nstained, 

No difficulty is found in cultivating Dr. Edington's trypanosome. Aa 
early as the second day, if kept at 25® C., it is found to have greatly 
increased in numbers. The single individuals are in active motion, the 
flagellum wildly waving, while the body slowly moves among the corpuscles. 
Many dividing forms are seen with two or three flagella. Masses or 
aggregations are also seen varying in size, from those composed of a dozen 
individuals to those occupying a fifth of the field. These aggregation-forms 
are aft writhing and squirming, while the flagella at the periphery are 
ftrantically waving. This incessantly moving mass, dotted over as it is with 
many small bright vacuoles, makes a curious and beautiful microscopic object 
when brightly illuminated. 

On the third day the trypanosomes have multiplied to an extraordinary 
extent. Huge aggregations are now seen, each filling up several fields of 
the microscope. The individual trypanosomes are still actively motile. 
Single, double, and small aggregations are also seen. 

By the seventh day they have reached the height of their growth and 
begin to degenerate. 

After the twelfth day living forms can no longer be recognised in the 
culture tubes. 

Sm, — ^Dr. Edington's txypanosome, examined in the fresh living condition,, 
varies considerably in size. Some of the large forms measure 32 microns m 
leU|(th^ whereas the smaller are only half that length, or even shorter. 

jS54^.~So also in regard to shape, these cultural forms vary extremely. 
BouUd, oval, pear-shaped, and irregular forms are seen. Slender forms 
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shaped like ordinary trypanoaomes, with a beak or rostellum at one end* 
a fairly thick flagellum at the other, and furnished with an undulating 
membrane, are fairly common. Large irregular masses of any shape, 
furnished with one or more flagella, are also frequent 

ContenU of Cell — These cells have a remarkable appearance, as they ore 
filled with highly refractile granules, large in size, round in shape* and 
numerous. 

llifuhdating Memhram . — The round, oval, and pear-shaped forms do* not 
appear to possess an uiidulating membrane, whereas the long* slender forsas, 
as also the huge fish-shaped or octopus-like forms, often ^ow well-marked 
undulating membranes, 

Flagdkiw , — The flagella in these living uxistained cultural forms are thick 
and coarse, and differ markedly from the slender structures usually associated 
in the mind with trypanosomes. Just as in the parasitic forms found in the 
blood, it is evident that the protoplasm of the body extends to the tip of the 
flagellum giving rise to this thick stumpy appearance. 

Motion , — The slender forms are active and swim fairly quickly across the 
field. The large, irregular forms are stationary, but exhibit actively 
wriggling flagella and amceboid movements of the body substance. 

Colonies or Aggregates , — Colonies or aggregations of 10 to 20 individual 
cells are common. The cells are arranged irregularly. Some of their 
flagella may be directed outwards, while others are seen entangled in the 
mass and feebly wriggling. On the third day these aggregations may be 
as large as three to five fields of the microscope, and must be confposed 
of many thousands of individual trypanosomes. 

« 

B, Fixed, stained. 

Method of Fixing and Staining . — The cultural forms of Dr. Edington’s 
trypauosome were either prepared by mixing a drop of the cultivation fluid 
with fresh serum, spreading on a slide, and staining by Leishman’s modifioa* 
tion of Bomanowsky's method, or the fluid was spread on a slide, fixed by 
osmic aoid and stained by Qiemsa, and then treated with orange tannin to 
differentiate the various structures. 

In Leishman-stained preparations the protoplasm of the cells is stained 
a pale blue, the nuclei and irregular masses of chromatin reddish or pink, 
while the vacuoles stand out as unstained spaces with sharply*deflned 
margins. In Giemsa-stained preparations, on the other hand, td>e protoplasm 
is stained a pale puce colour, while the chromatitt material is stained reddish 
purple. 

Protoplasm . — The protoplasm of the cell is homogeneous, but 
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irregular-ahapad granules and masses of chromatin^taining material. There 
are also present numerous well-marked vacuoles of various sizes, which am 
unstained, and, as mentioned above, highly refraotile. 

Jfu^us. — The nuclei are of every form and shape, and often broken up into 
in^gular masses. 

Micro^nuclms . — The micro -nuclei are irregularly placed ; in some cells are 
not easily distinguishable from other granules contained in the protoplasm,, 
but in many are clearly seen as deeply-staining bodies, round or rod-shaped,, 
in «lose connection with the point of origin of the flagella. 

Flagdluifn, — Th^ flagella are, as a rule, thick and fleshy. In the irregular 
forms they appear to spring from any part of the shapeless mass of proto- 
plasm, and in any direction. 

Undulatmg Memh^ane. — The undulating membrane is also characterised 
by its extreme irregularity. In many cells it appears to be absent, while in 
others it is well marked, broad, and thrown into folds. 

Colonies or Aggregations, — The individual trypanosomes which go to compose 
the large aggregations are os a rule short and stumpy in form, with oval- 
shaped nucleus and short stumpy flagellum. They are of irregular shape 
and size, and are placed without any seeming order. 


Cultural Characters of Trypanosoma diimrphm (Dutton and Todd). 


It is unnecessary to describe in detail the cultural characters of this 
trypanosome, as they agree exactly with those of Dr. Edington's, 


^ Cultural Characters of Trypanosoma congolense (Broden). 

Several attempts were made to cultivate Trypanosoma congolense, but 
none of them were very successful. There is certainly not the rapid growth 
of this trypanosome which distinguishes Dr. Edington's trypanosome and 
Trypamsoma dimorphon. It is only after a long search that individual 
ta^panosomes can be found in the preparations. There is no formation of 
masses or aggr^tions filling several fields of the microscope as in the others. 
It is difficult to say whether there is any real multiplication or not. All that 
can be said is that, for about eight days, living trypanosomes can be seen. At 
first these are shaped like the ordinary trypanosomes found in the blood, only 
larger and swollen in appearance ; but by the fifth and following days those 
change into most irregular and fantastic shapes. Nothing living could be 
seen after the eighth day. This cultivation experiment would therefore seem 
to Btrei^hen Dr, Laveron's opinion that Trypanosoma diimrphm and 
Tr^pm^mm/a are distinct species. 
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A TrypcmoHOim from Zaimbar. 


Condusion* 

The eoacluiiion arrived at is that Dr. Edington's trypanosome from Zanzibar 
ifi probably Dutton and Todd's Trypanosoma dimorpkon. One link in the 
chain of evidence, however, is wanting, and that an important one — the 
identity or non-identity of the carrier. 


DBSCKIFriON OF PLATES. 

P1.ATE L 

Thia plate represents the shape and size of the three TryjjanosoiJes, viz. : — 

1. Dr. Edington^s trypanosome. From blood of rat. 30th day of disease. Stained 

Qiemea. x 2000, See p. 27. 

2. Trypanosoma dimorphon. From blood of rat. 16th day of disease. Stained 

Giomsa. x 2000. See p. 29. 

3. Trypanosoma oongolense. From blood of mouse. 7th day of disease. Stained 

Giemsa. x 2000. See p. 29. 


Plate 2. 

Fia. 1. — Part of an aggregation of Dr. Edington’s trypanosomes after 6 days’ growth. 
Stained Giemsa. x 2000. 

Fios. 2-4. — Dr. Ediug ton’s trypanosome after 6 days’ growth. Stained Giemsa. x 2000, 
Fios, 6-14, — Cultural forms of Dr. Edington’s trypanosome after 7 days’ growth. Stained 
Leishman. x 2000. 





Ih 'ffce n-Hii others. 


Uoy, Soi\ Prot\, B, voL HI. P/afr 1. 
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A Summary of fwrther Researches on the Etiology of Epidemic 

Goitre. 

By Robkkt MoCahkison, M.B., B.Ch., Captain, Indian Medical Service. 

(Communicated by Major Ronald Rose, C.B., F.R.S. Received October 24, — 
Read November 26, 1908.) 

Tlie object of the research was to determine by experiment on man 
whether goitre was caused by matter held in suspension in goitre-producing 
waters; and to ascertain, as far as possible, tlie nature of the suspended 
ingredient which had been surmised to bo responsible for the production of 
the disease. 

Thirteen individuals, including myself, were given suspended matter, which 
had been removed by filtration from goitre-producing water, every morning 
before the first meal of the day. 1 and throe others developed enlargements 
of the thyroid gland. The experiment was repeated in the case of eight 
individuals who were given the same suspended matter, which had previously 
b^eu boiled for 10 minutes; in no case did any enlargement of the thyroid 
gland occur. 

It is concluded from these results that goitre is duo to a living organism 
of disease present in the water. The incubation period of experimentally* 
produced goitre was 13 to 15 days. 

It is thought probable that the organism of goitre exists as an intestinal 
parasite in goitrous individuals, since an intestinal antiseptic appeared to Imvo 
a iiytrked curative effect. 

Experiments were made on monkeys to test the possibility of the spread of 
the disease by the faeces of infected individuals, with negative results. 

Plentiful amoebic infection of the intestine was found in the majority 
of oases of goitre examined. It is not known, however, whether anueba* 
have any relationship to the disease. 

The research was carried out in Clilgit (Kashmir), and the results obtained 
refer only to goitre as it occurs there. 
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The Proportion of the Sexes produced hy Whites and Coloured 

Peoples in Cuba. 

By Walter Heape, M.A., F.E.S., Trinity College, Canibridga 
(Received Septem}>er 30, — Read November 26, 1908.) 

(Abstract.) 

Introduction. — Darwin, in his great work on the Descent of Man, deals 
with the proportion of the sexes in various animals and tlie power of natural 
selection to regulate the proportional number of the sexes. He recognises a 
general tendency to equality of the sexes but remarks on the fact that tliis 
equality is often greatly disturbed. In certain rare cases of marked 
inequality he concludes they might have been acquired through natural 
selection, but in all ordinary cases, such as, for instance, the difference in the 
proportion of the sexes in legitimate and illegitimate children, it can hardly 
be BO accounted for and must be attributed to unknown conditions, although, 
he adds, natural selection will always tend to equalise the relative number of 
the two sexes. 

About that time a host of writers were engaged in investigating various 
possible causes for this inequality, and many theories were promulgated to 
account for it, such as the relative age of the parents, the time of conception, ' 
and so forth. Prominent amongst them was Diising, who set himself <10 show 
that nutriment was the chief determining factor. He set forth his case with 
great ability and brought an enormous moss of evidence in support of his^iew. 

Students of heredity in those days claimed that the laws of heredity were 
suflBcient to account for all inequalities, but DfLsing emphatically denied this, 
and in my opinion satisfactorily showed he had sound reason for doing so. 

During the last few years much work has been done on sex, especially 
regarding the factors which determine sex, and strong evidence has been 
brought to show that both individual spermatozoa and ova are themselves of 
definite sexuality. It is suggested that the sex of the individual resulting 
from the conjugation of a spermatozoan and an ovum must be determined by 
one or other of them, not by both, and it is claimed that, in order to fulfil the 
conditions, a M. ovum must be fertilised by a F. spermatozoan and, moe vmd, 
a F. ovum by a M. spermatozoan. So far as the evidence available now goes, 
it would seem possible that in some animals the sex of the offspring is 
determined by the spermatozoan and in other animale by the ovum. The facts 
are not clear, however, though it is to be hoped the efforts now being made by 
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the Meudelians will make it bo ; at present, perhaps, all that can be said 
regarding mammals is that the evidence available is in favour of the view 
that the ovum determines the sex of the offspring in these animals. 

Now a fenjale maunnal produces only a limited number of her ovarian ova 
during her life, others degenerate and are absorbed, in fact, some ovarian ova 
survive at the expense of others and it would aj)pear that this process goes 
on with more or less activity at different times. Thus there is a struggle for 
exi(?fcence and a process of selection going on in the mammalian ovary, and 
tliR is a very important fact, for the projection into the ovary itself of forces 
which are un<leniahly produced by extraneous conditions shows that such 
conditions must to some extent influence the output of the ovary. 

A wealth of evidence has been adduced by many observers to show that 
M. and F. lan^e are vei'y differently affected by different foods and different 
climatic conditions, and this evidence is overwhelmingly in favour of the view 
that F. larvje re(piii'e more nourishment, rnon^ favourable? conditions, than do 
M. larvie for tlieir development. But if this is true for larvic it is surely true 
also fur ovarian ova, and the conclnsion may he confidently drawn, that the 
selection of M. or F. ovarian ova, for production, is liable to be influenced by 
the food supplied to the ovary by tlu' mother and therefore by tlie conditions 
of metabolic activity she experiences. 

As all breeders know, the breeding power of an animal is in direct relation 
to its metabolic activity, and the moiabolic atdJvity of a mother is 
undoubtedly affected l)y the food supplied and the climatic conditions she 
experiences; thus it would appear that extraneous conditions must exert 
influence on the proportion of the sexes produced by all animals in which a 
struggle for existence takes place among the ova in Iier ovary. 

This view, it appears to me, explains a variety of facd-s which have been 
judged to l>e contradictory, and brings into line the results of many observa- 
tions which have hitherto been supposed to favour now one, now another, 
quite different theory. For instance, all the contradictory evidence I have 
6Xamin<Hi regarding the effect on the sex ratio of the ages <if the imrents and 
the times of conception, may be so accounted for, while upon the phenomena 
concerning sex ratio observed in consequence of crossing or of in-breeding, a 
new light is thrown which will, I think, go far to show adequate reason for 
the results obtained for mammals. It must not be supposed that I attribute 
the proportion of the sexes produced to these agencies alone ; there can be no 
doubt, in my opinion, that heredity is the main force at work, but it is 
incontrovertible that variations in that proportion constantly occur, and I 
maintain that these variations cannot be Accounted for by any law of 
heredity and are referable to those extraneous forces which act as selective 
vou mcxxi.— B. D 
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agents on the ovarian ova. The evidence I have to offer in the following 
paper is, I think, strongly confirmatory of this view. 

1. Data dealt with, — From a statistical point of view, human beings are 
the only mammals for which sufficiently large numbers can be obtained with 
any hope of ensuring sufiBcient accuracy, and for these there has always been 
difficulty in assuring oneself of the completeness of the records at any one 
time for more than one race. When, therefore, my friend, Dr. F. H. H. 
Guillemard, pointed out to me that the publications of the chief sanitary 
officer of Cuba supplied separate details of the births and still-births of 
whites and coloured people in the island, and that these records were further 
subdivided into legitimate and illegitimate births and still-births, I commu- 
nicated with that officer (Dr. Finlay), and he has very kindly supplied me 
with a complete series of his monthly publications for the years 1904-5-6. 
It is with these records I now deal. The numbers dealt with amount to — 

Births— whites, 131,721 ; coloured, 39,576. Total, 171,297. 

Still-births — whites, 4160 ; coloured, 2247. Total, 6407. 

Total production — whites, 135,881 ; coloured, 41,823. Total, 177,704. 

Deaths — whites, 62,087 ; coloxired, 27,877. Total, 79,964. 

Marriages — whites, M. 31,481, F. 31,240; coloured, M. 7698, F. 7839. 

Total, M. and F. (each) 39,079. 

These totals are arrived at from monthly records, for each of these three 
years, for each of the six provinces into which the island is divided ; and in 
each case, except for marriages, the proportion of M. per 100 F. Ims been 
calculated. Altogether 1 have drawn up 64 tables of these and similar 
details ; they are dealt with more fully elsewhere, the results thus obtaihed I 
now summarise. 

2. The Racial Proportion of the Sexes. — The first prominent fact 
demonstrated is the difference in the proportion of the sexes produced by the 
two races. The whites produce a larger proportion of M. than the coloured 
people. For whites, the proportion varies during these three years from 
106*8 to 110*52, in the total it is 108*44 M. per lOO F. ; for coloured, the 
proportion varies from 101 to 101’2, total 101*12 M. per 100 F. ; and this 
racial difference is shown both for births and still-births, 

Here, then, we have a marked racial difference which, after examination of 
other statistics of coloured people and of the inhabitants of Spain (from 
whence most of the white inhabitants of Cuba originally came), I am of opinion 
may confidently be assumed to show that, in this particular, the influence of 
heredity is clearly demonstrated. 

3. The Seocmd Ratio in Legitimale and Illtgitimate Births, — The second 
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prominent fact is the consistent variation in the proportion of the sexes 
produced in consequence of legitimate or illegitimate union. This is evident 
both for births and still-births in both races, and emphatically shows that 
illegitimate union results in the production of a marked increased proportion 
of F. For whites, the total legitimate births show 107*78, while the 
illegitimate show only 104*4 M. per 100 F. For coloured, legitimate births 
show 106*76, and illegitimate 96*76 M. per 100 F. The records of still- 
birth^ show a difference of 10*06 more M. among legitimate still-births for 
whitjps, and 16*63 nmre M. in that class for coloured people ; but the 
proportion of M. among still-born children is vastly higher than among births, 
the totals for whites and coloured for the three years l)eing in proportion of 
144*45 M. per 100 F. ; thus, when births and still-births are added together, 
the result of legitimate union among whites gives 109, of illegitimate \mion 
105*95 M. per 100 F, ; among coloured, legitimate unions give 107*73, and 
illegitimate 97*91 M. per 100 F. Thus this difference, while it is much 
greater for coloured than for white j)eople, is marked for both races in the 
totals, and is shown to be a remarkably consistent variation throughout my 
tables. 

It m clear that illegitimate union amongst civilised peoples is due to 
individual characteristics in the woman which have for their basis a specially 
active sexuality. Thus the result of illegitimate union, the increased 
production of F. in consequence thereof, is an individual matter, it cannot be 
I accounted for by any law of heredity and must be associated with physio- 
logical ^nditions which induce this special activity, that is to say with forces 
which affect the metabolic activity of the woman. I cannot here detail all 
the arguments in favour of this view and will only add (the evidence admits, 
I think, of no other interpretation) that, as I have already shown, an 
exceptionally active metabolism in the mother should favourably affect the 
development and ripening of F. ova, and that this is what is found to be the 
case here, 

4l Brewing Seasom . — An examination of the monthly tables demonstrates 
the existence of two sharply-defined breeding seasons each year, and shows 
that they are experienced by both whites and coloured at the same time. 
One breeding season is more marked than the other, this fact is also common 
to both races, but both are quite unmistakably shown in the birth tables. 
The records of marriages show that the marriage season, though it is also 
quite definitely indicated, has no relation whatever to the breeding seasons. 
On the other hand, reference to records of temperature, barometric pressure, 
humidity, etc,, shows that these bursts of reproductive activity always take 
place at times when there is a marked change of climate ; the one in the 

n 2 
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autumn shortly after a sudden change from great heat to cooler weather, the 
other in the early months of the year at a time when the cool winter weather 
gives place to spring. The increased reproductive activity of the people is 
suddenly acquired and almost as abruptly allayed, it is obviously not a 
dehnite ternpcraUire but the experience of a vkat^ge of temprratnn' which 
induces this boisterous generative activity, 

The same conditions are found to influence, in a similar manner, other 
animals which experience breeding seasons, and the effect on stQck is 
increased metabolite activity. There can he no doubt these breeding seasons 
of the two races in Cuba are brought about V)y ft)rceB which tend to greatly 
increase the rnetaholic activity of the individual. 

6 . The Effect of the Breeding Reasons on the Pr<qmiiioi of the Sc.trH prod need, 
— If, then, I am right in stating tliat the breed ijig seasons are i ml need in 
consequence of increased metabolic activity, and if my n^asoning is Hound 
regarding the increased output of F. among illegitimate births and the 
influem^e of different degrees of metabolism on the ripening and production 
of ovarian ova of different sexes, tlxe result of the breeding seasons slmuld 
show this. 

It dues show it, emphatically ; my tables demonstrate that the gimaU^st 
excess of F. is produced at times of greatest fertility, v>. during the breeding 
seasons, when the metabolism of the mother is most active. This is true for 
both races and it is clearly shown in all totals and in the totals for each 
individiml month, except for two mouths of one year for coloured people. 

I feel convinced such a variation iii the sex ratio cannot be aacribc^I to the 
action of any law of hert^dity ; it is clearly associated with the exercise of 
extraneous forces on the ovary and is, I submit, due to those forces. 

6. The IA7nUaMihi of the Infitenm of klrtraneom /hmu — In connection 
with the above, another fact is shown which is of considerable interest, 
namely, that while whites sliow a more marked sensibility to the influonces 
which induce the production of F., coloured people ai'O more affected by the 
forces which stimulate the production of M., and this condition is more 
marked among illegitimate than among legitimate birth records. 

This fact shows that the race which normally produces a considerable 
excess of M. is most amenable to the forces which induce the ripening of 
F. ova, while the race which produces the greatest proportion of F, reacts 
more generously to the influence which favour the prmluction of M. ova. 
In other words, there is here demonstrated the exercise of a force which 
limits the power to produce an excess of either sex, a force which makes 
for some point near equality of the sexes, and which is, I take it, the force 
of heredity* 
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This exempliiieB the nature of the claim I made ; extraneous forces 
undoubtedly exist which effect a variation m the sex ratio, but they ai'e 
to some extent subordinate to laws of heredity ; nevertheless those funner 
forces cannot be ignored, they are certain to interfere to some extent with 
the performance of the laws of heredity and with all calculations regarding 
sex ratio which arc based solely upon those laws. 

7. The Effect of Town compared mth Crmnlry Life on the Se,r. Ratio . — 
Finally, on analysis, my figures show another fact, namely, that a quite con- 
siderably higher proportion of F. are born in towns than in the country 
districts. This is shown in rny tables for both races and is evident as a rule 
in the records for both legitimate and illegitimate births. 

I have elsewhere discussed the reason for this; it is quite clear no law of 
heredity can explain such a variation, and I have concluded that the 
extraneous forces which are accountahltj for it Tuust again be associated 
with the degree of metabolic activity experienced by the mother under 
variable conditions. 

8. Condufdon , — Other facts of ct^nsiderablo interest in relation to this 
work are set forth elsewhere and 1 wdll not refer to them here. 1 have 
given above three instances of conditions under wliich the production of 
M. and F. children shows a marked variation from the normal. The results 
are similar for both the whites and the coloured races in Cuba. These 
people have hereditary qualifications which, in the main, govern the 
proportion of the sexes they produce, but conditions undoubtedly occur 
under tlie inllucuce of which that proportion is varied. This variation is 
similar in character hut different in degree for the two races, and is directly 
associated with definite extraneous forces, food and climate, which affect the 
metabolic activity of the mother. 

Taken singly any one of these instances might bo thought to be in- 
conclusive, but taken together tliey seem to rue to present strong evidence 
of the truth of my contention, that the variable metabolic activity of the 
mother, acting upon the ovary, induces a struggle for existence between 
the ovarian ova of different sexes, and affects the proportion of M. or F. ova 
which ripen and which are produced for fertilisation. 

It is worthy of notice that these same extraneous forces must affect the 
proportionate produrtion of individuals possessing various kinds of different 
characters (quite other than sex) which are associated with metabolism, and, 
When better understood, may have valuable bearing on the means for selection 
of healthy ova and for preventing the maturation of ova bearing tlie active 
germs of disease. 
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Electrolytes and Colloids. — The Physical State of Gluten. 

By Prof. T. B. Wood and W. B. Habdy, F.B.S. 

(Received October 24, — Read December 10, 1908.) 

Gluten, as ordinarily prepared by washing wheat flour in tap water, forms 
a coherent stringy mass insoluble in water. It consists essentially of 
a mixture of two proteins, gliadin and glutenin, but even when ^ery 
thoroughly washed it always includes some starch. Gliadin, which forms 
rather more than half of the total protein, is soluble in dilute alcohol, and 
gives to the gluten its peculiar physical properties. 

The power which dough possesses of retaining the gas formed daring 
fermentation is due to the tenacity and ductility of gluten.* Therefore, 
the property of forming a light and well-shaped loaf, which is so variable 
a feature of different flours, is determined by the amount and the physical 
state of the contained gluten. 

The physical state of gluten, like that of other colloids, is conditioned 
by the electrolytes which are present. Gluten washed out of flour with 
distilled water obviously is more friable and less tenacious than gluten 
washed out with tap water which contains salts. It is this influence of 
electrolytes upon the physical state of gluten which we propose to discuss. 

Gluten is peculiarly sensitive to low concentrations of acid or alkali. 
A tenacious ductile mass suspended in a lai^e volume of, for instance, 
O'OOOl normal acid, begins almost at once to show signs of disintegration, 
and is at once dispersed by slight movement to form a stable opaque 
colloidal solution or hydrosol. 

Action of Acids . — This action was investigated quantitatively by 
suspending a small mass of gluten on a bent glass rod in a beaker 
containing 120 o.c. of a solution of acid of known strength, and noting the 
concentration at which cohesion was so far reduced as to allow the protein 
to fall off the rod and disperse in a cloudy “ solution.” It was found that 
while very dilute acid causes dispersion, a solution of a strong acid above 
a certain concentration maintains the cohesion. Gluten, tlierefore, is 
coherent in distilled water, and in strong acids above a certain critical 
concentration. A weak acid, such as acetic acid, brings about dispersion up 
to as high as twice normal, the highest concentration tried. Inspection of 
a series of beakers with concentrations of any strong acid from zero to the 
critiocd point makes it clear that, starting from the lowest concentration, 
* Wood, ' Joum. Agric. Sci.,’ vol. 9, part i, p 139, and part 3, p. S67. 
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difiperaion increases to a maximum and then falls to zero at the critical 
point. In other words, the power of destroying the Cohesion and dispersing 
the gluten as a cloud varies with the concentration of the acid, so that the 
relation can be shown by a curve. The form of the curve will be seen later. 

The dispersion of the gluten is not due to a change in the protein molecule 
of the nature, for instance, of hydrolysis, since it can be recovered as a 
tenacious stringy precipitate by neutralising the acid or by the addition 
of salt 

Jhe following table gives the mean of several determinations of the 
concentration at which the gluten retains its coherence. The exact point is 
the concentration at which gluten just breaks under its own weight when 
suspended in the solution of acid ; and the results obtained in different 
experiments are fairly consistent. It is remarkable that there should he no 
simple relation between the observed concentrations and the strengths of 
acid used as measured by electric conductivity. The conductivity of the 
solutions after the gluten had been immersed in them was measured, and the 
results are given in the second column of figures, the value of the sulphuric 
acid solution being taken as unity : — 



Table I. 



Normality of critical 

Belative 

Acid. 

concentration. 

conductivity. 

HaSO, 

0017 

10 

CamphorsulphoDic ... 

002 

1-69 

HNOa 

003 

1-9 

HCl 

005 

3-8 

Oxalic 

0-15 

3-8 

HaPO* 

200 

— 


Action of DutUled Water . — Grluten breaks up when washed very 
thoroughly in many changes of ordinary distilled water. The distilled 
water used was acid to litmus owing to the presence of carbonic acid ; and 
the dispersion of the protein is due to this acidity, since (1) it is precipitated 
by the addition of a trace of alkali, and (2) the protein when dispersed is 
electro-positively charged — that is to say, it displays the characteristic 
relation of protein to acid. 

The Jnflueme of Solts . — Salt in small concentration precipitates a hydrosol 
of gluten whether it be formed by acid or by alkali. Therefore, salts lessen 
the power which acids or alkalis possess of destroying the cohesion of 
gluten, and, in sufficient concentration, completely neutralise it. The 
oonoentration of salt necessary completely to nullify the dispersive power 
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of particular acids was investigated in the luaiiner already described, namely, 
by suspending a])proximately equal pieces of gluten in varying concentra- 
tions of acid and salt, and noting the jwirit at which cohesion was so far 
reduced as to allow the protein to flow olf the rod. The relations appear in 
the following curves (fig. 1), which show tliat for all strong acids and for all 
salts the concentration of the latter needed to balance the former increases to 
a maximum as the concentration of acid increases, and then declines to 
zero at the point wlicre the acid alone is suflicieut to maintain cohesion. 
The (riirves all agree, therefore, in showing that, measured by the concoiitca- 
tion of salt needed to ])revent dispersion, thfi dispersive power of an acid 
increases with increasing concentration, and then falls until the critical 
concentration is readied, w*here dispersive action is nil. 



These curves are so characteristic that they afford a means of testing 
a point of general theoretical interest. One great class of colloidal solutions, 
the aqueous solutions of characteristically insoluble bodies such as metals, 
some proteins, sulphides, and gums, are characterised by the fact that round 
eacli particle of the solute there is an electric double layer, and on the 
potential difference between which the stability of the solution depends. 
Coagulation or precipitation of such a solution is approximately coincident 
with the reduction of the potential difference to zero, the most complete 
coagulation, mechanically the densest and most coherent coagulum, being 
formed at the isoelectric point* 

* Hardy, ‘Tloy. Soc. Proc./ vol. 66, p. 110, 1900 j Picton and Linder, ‘Ohem. Soc. 
Trans./ 1905 — 1906, vol. 87 ; Perrin, *Jouni. de Chim. Physique/ vol 2, p. 601,1904; 
vol. p. 50, 1906. 
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On this view tlie formation of the hydrosol of gluten is due to the 
development of electric charges round the particles of the protein owing to 
chemical interaction between the protein, the acid or alkali and the water; 
and the tenacity, ductility, aud water-content of a solid mass of moist gluten 
depends upon the total or partial disappearance of these electric double 
hiyers, and the reap]>earauco of what is otherwise obscured by them, namely, 
the adliesioti or idif) attraction,” us Graham called it, of the colloid particles 
for eacli other, wliich iiiukes them cohere when tliey (jotne together. 

It is possible to put this hypothesis to the ju’oof. We can measure the 
potential differeiu'c between the water face and the ]>roteiu face of each 
partichj in the liydrosol of gluten by determining the rate of transport of 
the ]>articles in a unifunii electric iiehl. Tin* method ado})UHl has been 
descriht^d by one of ua^ Biieflv it ('-musists in tlie use of a gratluated 
U-tuhe, the opalescent hydrosol i.s iritrodiiced as the lower layt^r, tlu? upj)er 
layer in eacli limb being a clear solution of the same electrical resistance. 
Kleetrodes are immersed in the upper layer, a field established, and tlu^ rate 
of movement of the boundaries between upper ami lower layers observed. 

The hydj'osol was prepared tdtlier by washing gluten in distilled water 
containing carbonic acid, a process wliich occupied at least two days, or in a 
few hours by vNushing in a few ehanges ol 0*0001 normal sulphuric acid. It 
was freed from all starch by centrifuging. Ti> successive lots of the hydrosol, 
acid was adiied in varying amounts, and water wlien ne(*essary, so that the 
Hioncentration of protein was constant, while the concentration of acitl varied. 
Innally Wie resiatancx^ was measured, and a (laid to form the upper layer 
u as prepared either by adding tlu; same acid to water or hy adding sodium 
chlorifle. Hydrochloric, sulphuric, and acetic acids were used, and the results 
were in all cases tlie same. The figures for hydrochloric acid are plotted in 
the following curve, the ordinates being specific conductivity of the solution 
X 10' ^ the abscissae the specific velocity in centimetres per second for unit 
potential gradient x 10“'^ (fig. 2). 

The curve agrees in form with tliose already given for the effect of salt 
upon cohesion, and we may therefore conclude that acids, and by inference 
alkalis also, destroy the cohesion of gluten by forming double electric layers 
round the particiesj and that the potential difference between these layers 
rises with increasing ooncentratioii of acid to a maximum, and then falls. 

of Allnlu, — The action of alkali in destroying the cohesion of 
gluten is essentially similar to that of acid, except that the 'electric sign is 
reversed. In ahydi-osol of gluten formed hy carbonic acid or any other acid 


* Hardy, ‘ Joui n. Physiol,' voi, SS, p. 251, 1905. 
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the protein is charged positively ; when formed ,by any alkali it is chai^^ed 
negatively. 

It is interesting to note that, when alkali is added, it not only neutralises 
any acid present, but also reacts directly witti the protein as though the latter 
were itself an acid. The alkali, therefore, disappears as such ; it is, in point 



of fact, neutralised by the protein with the formation of new ions." For 
instance, in a particular hydrosol formed by carbonic acid, the particles of 
gluten were charged positively, and had a specific velocity 46 x 10~* cm. per 
second. Sodium hydroxide was added in quantity sufficient to make the 
entire solution contain N/1600 of KaOH. The fluid was not alkaline to 
phenolphthalein, but in spite of this the protein was now charged negatively 
and had a specific velocity of 23 x 10~^ cm. per second. 

Approximately pure gliadin, dissolved in 70-per-oent. alcohol, shows 
relations to acid and alkali the same as those described for gluten. Dropped 
into 98-per-oent. alcohol or distilled water, it forms an opalescence, and is 
then electro-positive ; in presence of N/4160 of NaOH it is electro-negative. 

C7oncfimons.— ^The experimental results seem to prove beyond question that 
the physical state of gluten — that is to say, the degree of coherence or 
dispersion as a hydrosol, is determined by the potential diflerenoe between 
the particles of the protein and the fluid. 
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The development of such a potential difference between colloid particles 
and fluid has been accounted for in two ways. The first, which may be 
described as a purely physical hypothesis, ascribes it to differences in the 
speed of the ions of electrolytes present. The colloid particles at any moment 
contain within themselves an excess of the most penetrating and rapidly 
moving ions present, and they therefore have the charge of that ion. In 
presence of acid they will have the charge of the hydrogen ion, in the 
presence of alkali that of the hydroxyl ion. This hypothesis was advanced 
by ofie of us to explain the properties of certain proteins of the globulin 
class when in solution.* It was also advanced independently by Perrin to 
explain the electrical properties of colloidal solutions in generalf 

The second hyi^othesis is frankly chemical in nature, and, as applied to 
proteins, it may l>e put as follows : — The protein molecule contains H and 
OH groups. Proteins, therefore, as a class are, like their chemical allies the 
amino-acids, amphoteric electrolytes. They react with acids and alkalis to 
form salts, but the reactions are not precise, an indefinite number of salts of 
the form (B)*BHA being formed where the value of ri is determined by con- 
ditions of temperature, and concentration, and of inertia due to electrification 
of internal surfaces within the solution. 

The salt so formed is ionised by the water. Positive or negative ions, as 
the case may be, leave the protein face to enter the water face, and fom an 
electric layer there, while the protein face is left charged respectively 
negative or positive.^ On this view, in the particular case under consideration, 
the decrease and final disappearance of the potential difference which occurs 
wheg the concentration of acid rises above a certain value would be due to a 
Suppression of the feeble ionisation by the excess of acid. 

The first view seems to be incompatible with certain experimental facts — 
such, for instance, as the fact that salts such as LiCl or LiBr, the velocities 
of whose ions are in the ratio of about 1 to 2, do not confer any change on 
proteins, nor, as Perrin noticed, do they produce any contact difierence of 
potential between a water and a solid wetted by it. It also ignores the purely 
chemical nature of the conditions which govern the formation of colloidal 
solutions of m6tals.§ 

* Hardy, * Joura. Pliyaiol/ vol 29, p. xxvii, 1908. 

t Perrin, ‘ Jouru. de Chim. Physique,’ vol, 2, p. 601, 1904 ; vol. 8, p. 50, 1906. 

t Hardy, * Joum, Physiol./ vol 33, p, 251, 1905 ; *Boy. Soc. Proc.,’ voL 79, p. 413, 1907. 

§ Barton, ‘ Phil Mag./ vol 11, p. 426, 1906, 
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Tha Cvlonrs aud Pirpwnts of Flowers with Special Reference to 

Genetics, 

By M. Wheldale. 

(CJotnmunicated by W. Batoaon, F.R.S. Roccived October 31, 1908, — Read 

January 28, 1909.) 

Jnvestigations, of which the following in Home account, liave ^been 
undertaken with a view to being of aasistanee in the interpretation of the 
plienomena observed in the inheritance of flower-colour. An attempt has 
been made to classify, of necessity roughly, the pigments, more especially 
those soluble in water, found in flowering plants, and at the same time to 
ascertain whetlier there is any connection between the genetic behaviour of 
jhgmeuts and their chemical reactions and constitution. On the basis of 
this claHsiflcation it was thought that, at some future time, further investiga- 
tions might he carried out in greater detail among the various classes of 
pigments. 

This account deals more with yellow pigments than wdth red ; attention 
was first directed to the yellow group, because of a certain coiTelation 
between reds and yellows observed in the inheritance of flower-colour in 
Artmhimvm majus, the relationship suggesting that a greater knowledge of 
yellows might be useful in classifying the reds. No detailed examination 
has been made of any one pigment, but merely a general survey 'of the 
colouring matters of genera from various natural orders. 

A classification in outline of the pigments, other than chlorophyll, found 
in flowering plants has been given by many authorities* but perhaps 
a x-epetition will not be out of place here, as follows : — 

A. Pigments in solution in the cell-sap.f 

(1) Soluble red-purple-blue pigments known as “ ; that this 

term includes several different classes of pigments seems probable 
when observations are made as regards their behaviour towards 
various reagents. The sub-classes will be described later. 

(2) Soluble yellow pigments known as Again, various sub- 

classes, to be described later, may be made according to their 
reactions towards reagents. 

^ General olaasifioations and properties of pigments, as far as they are known, are 
given by Ozapek (4) and Zimmermann (13). 

+ Said to be occasionally precipitated or crystallised out on natnial concentration of the 
cell-sap. 
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B* Pigments associated with sj)ecialise<l pix)topla8mic bodies— chroino- 
plastids— the colour in this case being usually yellow, orange-yellow, orange, 
or orange-red. Insolubility in water appears to be a constant characteristic 
of this group. Two well-known pigments are included here : — 

(1) Carotin—^, hydrocarbon of definite and characteristic pioi)ertieB.. 
According to Zimmermann (13), it is insoluble in water, almost so in 
alcohol, slightly soluble in ether, more readily in benzine, and most so in 
chloroform and carbon bisulphide. It occurs naturally and can be obtained 
artiffbially in crystalline fonn, and is microchemically recognised by certain 
reagents ; with concentrated sulphuric acid it gives an indigo-blue colour, 
at first inomenta3ily violet, and with iodine a green or greenisli-blue colour. 

(2) Xanthiv — again, according to Zimmermann (13), occurs iii the plastid 
in amorphous form. It is iusoluble in water, somewhat soluble in ether, 
chloroform, and benzine, hut more so alcohol. Microclmmh'ally xanthin 
can be recognised by giving with concentrated sulphuric acid a )>hie colour, 
at first momentarily green, and with iodine a green colour. 

In addition to the ai>ove, there appear to he other plastic ])igmcnts, which 
do not give a l>ln(^ colour with sul})hurk* acidi, but a yellow or brown. 


A uthocyaniiK 

Classification of the soluble red-purpl(?-iilue pigments has always been, 
a difficult problem, but there si^ems to be evidence that antliocyanin is 
a general term, including several different pigments. Tlie differentiation 
made hero is based on the inheritance of colour in certain genera, on the 
sequence of flower-colour in cultivated variotio.s, and finally on the behaviour 
of red pigmeflts towards chemical reagents. 

There are present in most plants colourles.s or pale yelh)W substances, 
soluble in water, but insoluble in ether ; with strong acids and alkalis they 
give a canary-yellow colour, and a similar coloration or most frequently 
a precipitate of the same colour with basic lead acetate. In some cases, 
Em}mh0ltzm mlifornim (Courchet (3) ), Arye^ione graTuliJiora, and yellow 
Species of Viola, these substances crystallise from extract solutions in 
needle-shaped crystals aggregated in clusters or spherules ; solutions of the 
crystalH from the above genera reduced Fehling's solution slightly, but after 
prolonged boiling with dilute acid, a deep yellow eubstance, together with 
a reduction of Fehling's solution, was obtained, suggesting the glucoside 
nature of the crystalline bodies, A similar glucoside is probably present in 
Jfarouti'm Ta:ii^£ia (Bidgood(2)). 

The colour reaction with alkalis and acids is most obvious in parts free 
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from chlorophyll ; in unpigmented genera, (hdaitthu$ for instance, 

or in pigmented (anthocyanic) genera such as many tTmW/^ercp, with white 
flowers, the petals turn bright canary yellow with ammonia* 

The inheritance of colour in Antirrhinum {Wheldale(12)) has led to the 
suggestion that anthocyanin is possibly a compound of such a glucoside-like 
body with a reddening substance. The original type of Anlirrhinnm has 
magenta (anthocyanin) flowers* Loss of the reddening substance, which 
may be represented by a Mendelian factor (M), gives a variety bearing 
ivory-white flowers containing no pigment (except in the palate and l^irs), 
but a glucoside-like body giving the reactions with acids, alkalis, and lead 
acetate described above. Further loss of a substance, again represented by 
a factor (I), from the glucoside-like body in the superficial cells of the lips 
gives a yellow xantheic pigment, and the variety thus bears yellow flowers, 
Loss of yellow pigment, represented by yet another factor (Y), gives an 
albino, containing no pigment and no glucoside-like body. Local decom- 
position produces the same xantheic pigment on the palate and in hairs on 
the inner surface of the tube in all varieties except the albino. The albino 
may carry I or M, or both, since these factors are invisible unless the 
fundamental colour Y is present. Moreover, the reddening factor can exist 
with Y, the decomposition product, giving a mixed colour, ic., crimson. 
Each variety may breed true or may throw itself and one or more varieties 
below it in the scale of colour, according as it is homo- or heterozygous in 
the various factors. Magenta can throw all varieties; crimson can throw 
yellow and white ; ivory, yellow and white ; and yellow, white only. 

At this point it is interesting, perhaps, to give views regarding the consti- 
tution of anthocyanin, based on results obtained from a totally different 
kind of investigation. Overton (9) found that in plants supplied artificially 
with excess of sugar and other carbohydrates tliere is a correlated increase in 
the production of anthocyanin, and he concludes tliat the latter, in many 
coses, is a glucoside compound of a tannic acid. Molisoh (8) and Heise (6) 
are also of the opinion that some red sap-pigments are giuoosidal in nature. 
Tannin is by no means always present in plants containing anthocyanin ; the 
magenta pigment of AiUirrhinum gives a tannin reaction, but no tannin has 
been found in the albinos. 

A similar range of colour to that found in Antirrhimmy various shades 
of purple or magenta and crimson, together with ivory, yellow, and sometimes 
white, also occurs in Althma rosea, Azaleay Dahlia uarutMis, DiavUhm 
Caryofh^UuSy Helieikrymm hrmtealumy JAnaria, Mmemiy PMose Drumifmviiiy 

^ With yellow pigment locally' on the palate and m hairs on the inner sorSace oi 
tube. 
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and Jtom. It is probable that the inheritance of^ flower-colour will be found 
to be similar in these genera* 

The inheritance of colour in Laihyrus and Matthiola (Bateson, Punnett and 
Saunders (1)) differs from Avtirrhinum^ in that two factors (C and R) are 
required to produce colour, and the loss of either gives a white containing 
only a gluooside-like substance. An additional factor, B, gives the purple 
varieties. 

A similar range of colour to that in Lathyrus, shades of blue or purple 
and led, together with white, is shown by Caynpanxda, Digitalis purpyrea^ 
Iberia, Lobelia, Nemophila insignis, Punm, and many others; no xanthexc 
variety ocoura in this series. 

It is evident, then, that there are two classes of anthocyauin as regards the 
aeries of varieties to which each can give rise ; in one case the decomposition 
possibly of the glucoside-like constituent gives a yellow xaricheic form, and 
in the other case no such decomposition is possible, and no yellow variety 
exists. 

The close relationship between xantheic pigments, the gluooside-like bodies, 
from which they may be derived, and the anthooyanin, of which these bodies 
are themselves possibly constituents, is suggested also by the fact that yellow 
xantheic varieties almost always have an anthocyanio type. This connection 
is well exemplified among tlie genera of the Composite. Usually plastid 
pigments in addition are present in this order, but these may be disregarded 
► for the moment. Yellow varieties of Coreopsis, ChrysmUhemuvi carinatum, 
Dahlia ^variabilis, Delichrysuni hracteatum, contain xanthei'n, while the type 
has anthocyauin ; other gduem, Zinnia elegans, Gaillardia, Hieracium rubrum, 
have •anthooyanin of the kind which gives no xantheic varieties, while, 
finally, Calendula officinalis, Helmnthm anmms, Erigeron spp., and Smudo spp. 
have no xanthein and no anthooyanin. 

When we consider the behaviour of anthooyanin towards such substances 
as acids, alk6dis, certain salts, etc., we find this term includes at least several 
gtotips of pigments. Two classes have been described by Weigert(ll), and 
termed “weinrot" and "riibenrot” respectively. The former is soluble in l>oth 
alcohol end water, giving with basic lead acetate blue-grey or blue-green 
precipitates, and with concentrated sulphuric acid a bright red colour. It is 
found in the leaves of VUis, Ampclopm qidnyuefolia, Rhm typhina, Cornua 
smgmnea, and others. The latter, rfibem'ot, Weigert found in leaves 
of the Amarantaem and Chenopodiaeece {Beta mlgariB, Jremm, Amaranthus, 
Atripim), and in fruits of Phytolaem decandra. Though readily soluble in 
water,, the pigment is insoluble in alcohol; with basic lead acetate it gives a 
red precipitate, with sulphuric acid and with ammonia a deep violet, bui with 
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other bases a yellow colour. He further distinguishes a pigment, “ Malven- 
violett/' occurring in the leaves of Golens Hero, Perilla nanhwenHis, Coryhts 
avtilana otropmy., red BTcmica, and Malva sp. It is present as a compound, 
which, on the action of acids, producos the weinrot pigment. 

In the present paper, conclusions are based upon the examination of 
relatively few red pigments, and oven these present great complexity. Yet, 
on the whole, a rough classification may be given as follows : — 

]. A purple anthocyanin, which is characterised by giving a deep blue or 
violet colour with ferrous sulphate and ferric chloride, a green colofir with 
alkalis and a blue or blue-green precipitate with basic lead acetate. Such a 
})iginent is found in the deep purple aud crimson varieties of JHnnthvff 
CnryophyllvH, Lathyrvs odorafiiii, Phhu Drvmmvndii, tlie purple and j>lum 
varieties of Matthiolu (Saunders (1)), purple Fuelisia, and in the berries of 
Atnypix Bcllndermxa and Horn )nmpmellifoli(u 

2. A purplish-red anthocyanin, corresponding probably to Weigeri’s wein- 
rot. This pigment does not give the above reaction witli iron salts; but 
with alkalis a green colour and a green precipitate with basic lead acetate. 
This form occurs in the magenta varieties of Anfirrhinmn majnsy ' Dahlia 
mnahiliHy ]>ale magenta and violet varieties of Phlox Dr'immovdiiy red 
varieties of Lathyrm odoratai^, Salvia. Bormintimy and Vmimnt] also in the 
crimson Ch^iranthti^Chcirl, in Tradescantia virijimanaKml in liJmnaromaVica, 

S. A red anthocyanin characterised by giving a red precipitate with basic 
lead acetate. Two sub-groups may be furth(3r identified as— (a) those giving 
green colour witli alkalis — red, copper, and rose varieties of MattMolay and 
a red variety of Ddphindvw ; (h) those giving a reddish yellow colour with 
alkalis — pink varieties of DianthvH CaryophylluH, flesh and terra-cotta 
varieties of Mailhiola, certain scarlets of LathyrnSy salmon-rose varieties of 
Diauihm harhaluHy Phlox Dnonwovdii, Verhena, and the rose dor(5e'' variety 
of Antirrhixmm viajus. 

The above classes seem to show a gradual diminution in the amount of 
blueness present as we pass from the very blue purples of Lathynm, through 
the magentas and blue-reds of Antirrhinuni and LalhyniSy to end finally in 
such varieties as the '^rose Antirrhinum , from which blueness is prac- 

tically absent. The bluer form is usually the original type and the reds, as 
derivatives, are probably components of the original anthocyanin. 

There is some indication of a connection between the chemical behaviour of 
the classes and their inheritance. The purple anthocyanin appears to be that 
form, which, in Lathy rm and UedihdMuy is given when the B factor i» present 
in addition to C and fi. The extreme purple is not found in AntirTkinitm ; 
hence in the latter case, when a blueing factor is present, as in the magenta 
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type, purplish-red anthocyanin is the ultimate form. The red otAntirrhiimm 
is represented by the ** rose dorfe ” type, which finds its parallel in the flesh 
and copper of MaMhiola, certain scarlets of Lctthyrust and the salmon-rose of 
Phl(m l}nmmmdii. 

It is of interest to note also that in the reds of Antirrlmmm and the 
aaliuon»rose of Phloa\* of which several shades exist, the deeper are dominant 
to the paler, while in the purples, purple-reds, and magentas of L(tihyrm 
Matthwla, Phliix^ and Atiiirrhhminy the paler shades ai*o dominant to the 
deop^. As regards shades of one colour, a fuller investigation has been 
made in Antirrhimm, in which genua every shade is a definite zygotic form, 
^nd the chemical reactions of these shades are fundamentally similar though 
differing in degree. The precipitates with basic lead acetate, for instance, 
are of varying shades of green, yet tliose remain unaltered on artificial 
ooncontration or dilution of the extract. This would appear to indicate tliat 
the shade of colour was but an outward indication of some definite organic 
compound in tlu* sap. 

All the rod pigments so far described give, with strong sulphuric acid,t 
bright red and yellow e.oloura, iKSComing orange when mixed ; it seems 
possible that the red is due to the reddening factor, and the yellow to th(j 
glucoside-like constituent of the anthocyanin. With alkalis, the reddening 
factor of the bluish-red turns blue and the other body yellow, the result 
being green, sometimes rapidly fading to yellow. Basic lead acetate gives 
blue-green or green precipitates, due again to the same mixture. 

The ^rlet pigment of some genera — Lohelin card hud is, Pliaseolm mtdih 
JUyrus — is again different/, in that it gives a bluish colour with alkalis and 
a red*precipitate with basic lead acetaU^. 

With regard to natural orders and relationships, as far as these itivestiga- 
tioos have gone, it appears that the red pigments of the Papamnmw differ 
from others. Also those of the allied orders AmmrfiUacecc, Nyctagitiacecc, 
Phytdaccacew, and PoriulnGacew (included in the Ceidrospermm by Engler), 
form an isolated gioup giving reactions essentially different from any hitherto 
described. 

Of the Papmenicem, the red pigment of Olaucium ph(emcmm and Papaver 
PJmoH gives a purple colour with basic lead acetate. 

The red pigment of AMaranthtf^ (and other genera of the same order 
according to Weigert(ll)) is characterised by its insolubility in alcohol. 
With concentrated sulphuric acid it gives a purple colour, with ammonia 

* I am indebted to Mke Killby for this information. 

t Beaotioue are beet seen by dropping add on to the pigment on a white porcelain 
plate. Mixturea of ooloure are thus more readily detected than in bulk in solution. 

VOL. LXXXL—B. E 
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a reddish colour, but with other bases a clear yellow, and vnth basic lead 
acetate an orange-rod precipitate. lu the stems and berries of Phytolacca 
decandray the magenta and crimson flowers of Jlfirahilis Jalapa and Porhdnm 
grandiflaray two pigments apparently exist. One, insoluble in alcohol but 
soluble in water to a magenta solution, gives reactions on the whole similar 
to those given hy the red pigment of Amarnnfhiis, The other pigment is 
Bolulde in alcohol to a crimson solution, wiiich gi^"es a yellow colour with 
acids and alkalis and a reddisli precipitate with l>a8ic lead acetate. 

Overton (9) is also of the opinion that anthocyanin contains several classes 
of pigments, of which he gives — (1) the Amarantaccm and Beta vulgarky 
(2) Papa.vcr Ilkman and otlior species of Paiuiveraccay (2) Ti^ndeacantm 
ducohrr'*^ and other Commelinacm\ 

The alcoholic solution of the red pigment in some genera is colourless* the 
colour returning on evaporation or on addition of acid. In other cases, again, 
tlie alcoholic sohitiou is as deeply coloured m tlio flowers. It is possible that 
these phenomena may indicate a difference in the nature of the pigments. 

Lastly, it might be well to mention that anthocyanin is said to occur in 
solid and crystalline states in the cell. Many instances arc cited by 
Moli0ch(8) in his work on crystalline anthocyanin. 

JCanthein . 

Xanthein, like anthocyanin, includes at least several pigments varjdng in 
their reactions towards acids and alkalis. They may be classified as follows : — 

1. Those giving a deeper* yellow, orange, or orange-red colour witli acids 
and alkalis and similarly coloured precipitates with basic lead acetate. 
Such pigments are found in yellow varieties of Althoxi roHcdy Antmhiimni 
ntajtiSy (Jakwlariay Uoreo 2 ysi% Dahlia variabilvi, Dianthvs Caryophyllmy 
Jhlichrymini hracteatimiy Phlox iJrammowlii and Tagctfa aigaata. 

2. Those in which the yellow colour becomes paler with acids and alkalis 

and basic lead acetate gives, as a rule, no precipitate or a precipitate of the 
same colour as the pigment. Such is the case in MiraMlis Jalapa^ 
MonthreMa sp., Nevtesia Papaver malimuley and PoHidam grand ijlara, 

3* Those in which the yellow colour remains unaltered in the presence of 
iicids and alkalis, and basic lead acetate gives a yellow precipitate, os in 
MeamnhryoMthmmm pomtnd;ianumy Verhimuna 

It xautheic pigments are derivatives of anthocyanin, the dissimilarity 
of the former among themselves strengthens the view that the reds, from 
which they are derived, are also dissimilar. 


* I have not been able to detect m far any divergence in this case. 
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Albinism^ 

It has been suggested that there are two forms of authocyanin giving 
respectively two colour series, one containing a yellow xantheic variety, the 
other not. Whites occur in both, and it seems probable that the term 
allunism should be used in a different sense when applied to each of the 
two series. 

The extract from iximt white flowers (also from flowers coloured only with 
plos^d pigments, when those have been removed), gives a canary colour with 
strong acids and alkalis, as stated previously. Without exception, as far as 
observations have gone, whites of genera having no yellow sap type, have 
given this yellow colour-reaction. These whites may, without hesitation, 
1)6 declartMi to be recessive to tlie red-purplo-blue ty])efl, and they are albinos 
as regards antbocyaniu. 

On the other hand, in the case of Antirrhinuw, Azaira and Phlox 
Drumimndii,^ belonging to the scries giving yellow sap-colour, whites exist 
which do not give the same yellow colour-reaction. Moreover, these whites 
are recessive to yellow in A ntirrhinuiii and Pkiox^ and are albinos as regards 
both anthocyanin and xanthein. It is the ivory in this series which contains 
the glucoside-like lK)dy, and gives the yellow colour-reaction. 

Wliites giving no colour-reaction have not yet been obsejrved in the other 
genera mentioned in the anthocyanic-xantluuc series, though relatively few 
types liave been examined. It is possible that the true albino, as con- 
trasteeUwith ivory, is rare in commercial samples, since tlie albino type in 
Antirrhinum and Phlox has l)eon found to set poor seed unless fertilised 
artiflbially. 

What appears at first an exce[)tiou to this view is the case of Mirabilis 
Julapa, Here we find a range of colour similar to that in Antirrhinam, Lc., 
shades of magenta and crimson, together with deep and pale yellow and 
white. The white (when it does not carry a reddening factor) is recessive 
to yellow, t and yet gives a colour-reaction with ammonia, etc. The 
explanation lies in the fact that both the yellow and red pigments in 
MimUlis (see p. 50) are of an entirely different nature from those 
in Antirrhmvm and Phlox. For the same reason, the inheritance in 
Ptrrtnlma grandijlora will, if worked out, doubtless prove to be similar to 
Mirahilu. 

Shull (10) also gives the case of VerhoBcum Blattaria, in which a very 

* I ara indebted to Mins Killbyfor the information tlwit in Phlox Drvmmmdii the 
ivory type may throw both the yellow and the albino. 

t I am indebted to Mies Marryat for this information from resultH obtained in cross- 
Weeding of MirothUii, 

B 2 
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pele form, perhaps an albino, is recessive to the full yellow. He also states 
that Oorrens found white Pokmoninvi cwmleum to be dominant to yellow 
Pohmoniuw fiavum. If the former contained a glucoside-like body, and the 
latter a xanthe’ic pigment, the result might be analogous to Phlox. As 
material of these genera was not available, the pigments have not been 
investigated, and consequently this conjecture nuist remain unverified for 
the present. 

Pladid Pigments. 

I'he plustid pigments, carotin and xanthin, are well-known substances, 
of which the properties and characteristics have been investigated. Both 
may be present in the same plastid, when the colour is orange-yellow, 
orange or orange-red, and this condition is very widely (iistributed ; or 
xantliiu only may he present, when the colour is yellow. In the orange- 
yellow or red type the loss of the power to produce carotin in the plant 
may give rise to a lemon-yellow variety. Tins is the case in flowers of 
Argemone (jraiulijiora, (Jalcmlula officinalis, 7\t<fdes Higmria, Tropccolmn 
nmjm, and probably Cheimnilma Cheiri and SaljdylomH gvawlifiom. 

In other cultivated genera, where tlio type contains xanthin, this pigment' 
api-K3ars to give rise to paler yellow varieties con taming derivative plastid 
pigments, probably decomposition products of xanthin, and giving a yellow 
or brown colour with strong sulphuric acid. At present tlicse derivatives 
have not been thoroughly examined. They are found in the pale yellow 
varieties of Helianthcimim spp., ChrgHaMhemtvm vtxrinahm, in the autumn 
cultivated Uhrysanthem im , and in Zinnia degam. 

There is evidence from cross-breeding in ClieiranthvH and TroiKcolum^ithj&t 
presence of carotin is dominant to its absence, that is the orange-yellow 
variety is dominant to the lemon-yellow. 

The plastid pigment in cream varieties of Lathyrm odomtus, Matihiola, 
Bom, and EmhHchoUzia mnimlaia rosea, is again different from carotin 
and xanthin as regards its chemical reactions. There is evidence from 
cross-breeding in iMhyni^ and Mcdthiola (Bateson and Saunders (1)) that 
cream plastid pigment is recessive to its absence, is., colourless plastid. 

Cmnhinatiom of SolvMe and Plmtid Pigments. 

Authocyuniii and plastid pigments are frequently found together in plants. 
When the red sap occurs with plastids containing both carotin and xantliin, 
the resulting colour is some shade of brown, crimson^or orange-red; with 
plastids containing xanthin only, or some derivative product of xanthin the 

^ 1 am indebted to Mies ti^unders for infomiation regaxtUng 
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resulting colour is maroon, purple, or salmon-pink. Hence we find in 
cultivated genera containing plastid pigments and authooyanin a colour 
series brown, crimson, or orange, purple, magenta, or salmon-pink, deep 
yellow and pale yellow. 

Such is the case in CheiranthnA Cheiriy ChryRwtvthcmum spp., Heli’ 
anthemum spp., Salpiglosfiia grandijlora, Tiigetes $ignata^ Tropcvoluyn wyyV.?, and 
Zinnia spp. 

This series differs from the atithocyanic-xantheic series in one re8i:H?ct; in 
thelfonner the type is crimson and the purple oi* magenta is the derivative, 
whereas in the latter the purple or magenta is the type, while crimson is 
a derivative. These two contrasting series cannot be better exemplified than 
by the two indigenous genera, Antirrhinum and Chciranihm, and their 
cultivate<i varieties. The wild Vhtimnihns is deep yellow tinged with 
brown ; cultivation Jias produced from the original, a j)ale yellow type, to 
which the addition of anthocyanin gives purple. The wild Antinriinumi is 
magenta, which, on loss of some constituent, has given a yellow xantheic 
type, and this gives, further, in presence of the reddening substance, a crimson. 

Stress should bo laid, in connection with colour, on the conception of the 
lugmentation of a plant as a whole. The power to produce colour is the 
property of every cell of a pigmented plant; frocjuently the flowers are 
white or show but little colour in plants which are really pigmented, as, for 
example, Solanuni nigrum, Geranium Mohrrtianuin, var. album. In a plant 
having red, purple, or blue flowers, anthocyanin may invariably be detected 
in the Vegetative parts, such as cotyledons, under surfaces of leaves, wounde<l 
or exposed areas, etc. The diffusion of colour throughout the plant is 
manifested in the correlation so fi-equently found between fruit- and seed- 
colour on the one hand and flower-colour on the other. De Vries (6) gives 
as examples the green-flowered variety of Atropa Belladonna and the white- 
flowered variety of Daphne^ Metermni with yellow fruits ; also the white- 
flowei'ed Linum with yellow seeds as contrasted with the brown seeds of the 
blue variety. The colour and pattern of seed-coat in Matthiola (Bateson and 
Saunders (1)) and Pisum (Lock (7) ) is also correlated with flower-colour in 
the same way. 

Method for Emminaiion of Pigments. 

The material to be examined is ground very finely with powdered glass in 
a mortar, extracted with methylated spirit and filtered. If from the colour 
of the residue, or from a microscopic examination, the presence of carotin be 
suspected, a further extraction is made with benzine or chloroform. The 
alcohol extract contains the pigments soluble in water and such plastid 
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pigments as are soluble in alcohol (chiefly xanthin)* After evaporation to 
dryness on a water-bath, the xanthin is separated by ether from the xantheic 
and anthocyanic pigments. The chloroform extract contains both xanthin 
and carotin ; the latter can be washed free from xanthin by means of alcohol 

Details fok Gkheha of Various Natural Orders. 

The following particulars chiefly concern yellows, the reds having been 
dealt with in detail previously. 

Aizoac^ecc. 

Mcsemlmjantheimm. ^Xim^ridiammi has a xanthelc pigment, unaffected by 
acids and alkalis and precipitated by basic lead acetate, 

Amarxfllidacem, 

Aldmitieria aurantwrn has plastids containing carotin and xanthin ; 
anthocyanin is present in addition. 

Caryophyllaem. 

Dianthm Caryophyllm^ the parent form of the Carnation, shows the 
anthocyanic-xautheic seritjs. The yellow pigment is intensified to oi'ange 
yellow by acids and alkalis. Magentas and crimsons are probably produced 
by the addition of red sap to ivory and yellow respectively. Ivory gives the 
yellow colomvreaction with acids and alkalis, but whether it is dominant to 
yellow, and whether an albino, recessive to yellow, exists has not y^t l)een 
ascertained. 

Cistacw, 

Varieties of Helimitliemum mdgare show the anthocyanin-xonthin series 
and pale yellows, which are derivative plastid pigments, probably from 
xanthin. The type is crimson, Le. anthocyanin on xanthin, and the magenta 
and pink types are due to the same sap-colour on the pale yellow derivative 
forma 

Comyomim. 

Oalmd'ida exists in two varieties, orange and lemon yellow ; in the 

fomer the colour is due to plastids containing carotin and xanthin, in the 
latter xanthin only. There is apparently no anthocyanic fonn, 

(Jhrymi/dhmnvm mriwdum shows the anthocyanic-xanthefc-xanthin series 
with pale yellows containing derivative products of xanthin, and wliites 
giving the yellow colour-reaction with acids and alkalis, and containing 
colourless plastids. Anthocyanin on whites, pale yellows, and deep yellows 
gives the usual magentas and crimsons. In the yellows, from which antho- 
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cyaain is abaetit, a xanthei'c pigment exists, which gives an orange colour 
with acids and alkalis and an orange precipitate with basic load acetate. 

The autumnal cultivated forms of ChryBanilitmum resemble the above 
species, except that the anthocyanin appears to be of the kind which does 
not give a xantheic derivative. 

Coreopsis Druvinumdii has a brown patch of anthocyanin-containing cells 
at the base of the ray-florets. The orange-yellow of the florets is due to 
plastids containing carotin and xanthin. A xautheic pigment, probably left 
as the anthocyanin retreats to the base of the florets, is also present in their 
upper portions ; it turns orange-red with acids and alkalis and is pre- 
cipitated by basic lead acetate as an orange precipitate. 

Bahlm mrmbilia shows the anthocyanic-xantheic series. The yellow turns 
a brilliant orange colour with acids and alkalis, and is precipitated as a 
deep orange-red precijutate by basic lead acetate. The ivory gives the 
yellow colour-reaction. Magentas and purples are anthocyanin on ivory, 
and crimsons ore anthocyanin with xanthein. 

Gaillardia spp. have usually orange-yellow ray-florets, with anthocyanin at 
the base. The orange-yellow is due to plastids containing carotin and 
xanthin. There appears to be no xanthe’ic derivative, 

Gazania splcndem has orange -yellow ray-florets with a dark basal patch of 
anthocyanin cells. Orange-yellow is again due to carotin and xanthin. 

Helianthus anmtus has plastids containing xanthin ; a pale yellow variety 
exists in which the plastids probably contain some derivative product of xanthin. 

Helhhrymm hracicatum shows the anthocyanic-xantheic series. The white 
variety gives the yellow colour-reaction with acids and alkalis. The yellow 
confains a xantheic pigment, which gives an intense orange colour with 
acids and alkalis, and a* similarly coloured precipitate with basic lead 
acetate. Magentas and crimsons are due to anthocyanin on white and yellow 
respectively. 

Huraeium ridmim has anthocyanin in addition to plastids containing 
carotin and xanthin. 

Ficris pmrijlonis, Senecio Jacobcea, and Taraxaeton offidfnak have only 
plastids containing carotin and xanthin, 

Tagetes signata shows the anthocyanin-xantheiu-plastid series. There is 
an orange-yellow variety with plastids containing carotin and xanthin, and 
a lemon-yellow variety with plastids containing xanthin only ; both yellows 
have in addition a xantheic pigment derived from anthocyanin; it is 
intensified in colour by acids and alkalis, and gives an orange precipitate 
with basic lead acetate. Anthocyanin on the deep yellow gives brown ; on 
the temon-yellow maroon. 
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Zinnia elegans shows the anthocyanin-xanthin series, with pale yellow 
derivative plastids from xanthin. Anthocyanin gives the usual magentas, 
pinks, crimsons, and orange on the pale and deep yellows* 

Cruciform, 

Broimr.a dnapis has plastids containing xanthin, 

Oheiranthm Chein has two yellow varieties, a deep and a pale ; the former 
has plastids containing botJi carotin and xanthin. It is probable that the 
pale yellow contains xanthin only, though it has not been tested. Adtho- 
cyanin gives the crimson or brown on the deep yellow, and the purple 
varieties on pale yellow respectively. 

Matihiola shows tlio anthocyanin series with purples, reds, and whites, 
tlie latter having colourless plastids ; anthocyanin may also exist with plastids 
containing a cream pigment differing from both carotin and xanthin. 

Cumrbitajcmi. 

ijnmrlyita Pepo has plastids containing carotin and xanthin. 


Fumariitem, 

VorgdalU lutea appears to have plastids containing xanthin and a yellow 
xantheic pigment precipitated by basic lead acetate as an orange-yellow 
precipitate, 

HypeHcacew. 

Hyptrimim Hookerianum lias plastids containing xanthin. 

Legnininosm. 

CoTonilla viininaliB has plastids containing carotin and xanthin ; some 
anthocyanin is also present. 

Lathyrm odoratim shows the anthocyanin range, purple, red^ and white. 
Also a cream ” plastid pigment similar to that in MatthioUi. 

SimHium jummm has plastids containing carotin (?) and xanthin. 

LUutcea\ 

A variety of JMivm tiyrimm was found to contain plastids and antho* 
cyanin. From the plastids a brick-red pigment was extracted giving a blue 
colour with sulphuric acid, though no purple was detected ; it is probably a 
form of carotin. 

Idnqeem* 

lAnwm flamrn has plastids containing carotin and xanthin. 
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Loamcece, 

Bartonia wwrea has plastids contaiuiiig carotin and xanthin, 

Mahacea:. 

Althma roaea shows the anthocyanio-xantheio series. The yellow pigment 
is intensified in colour by acids and alkalis and is precipitated by basic 
lead acetate as a brownish-orange precipitate. The ivory gives the yellow 
coloiti'-reaction. It has not yet been ascertained whether the yellow is 
recessive to ivory nor whether an albino exists. Authocyanin gives various 
purples, mauves, magentas, pinks, crimsons, and orange, according as it is 
present on an ivory or on a yellow ground, 

Nyctagviiacea\ 

Mimhilu Jalapa shows the anthocyanic-xantheic series. The yellow 
pigment becomes paler with acids and alkalis, and is not precipitated by 
lead acetate. The white variety gives the yellow colour-reaction, but is 
recessive to yellow. The red pigment, as already stated, differs from most 
other forms of anthocyanin. 

Ona(jracea\ 

CEnotfiera LamanMmm has plastids containing xantliia and, in addition, 
a pale yellow xantheic pigment intensified to orange-yellow by acids and 

alkalis. 

PapaveracecF. 

A?getnone grmidiflora exists in three varieties, deep and pale yellow and 
white. Tlie deep yellow is due to plastids containing carotin and xanthin ; 
in addition, a crystalline glucoside, similar to that in Esclmholtzia, is present 
in the sap. The pale yellow appeara to contain xanthin and tlie glucoside, 
and the white gives the yellow colour-reaction. 

Esehseholtzia californica has plastids containing both carotin and xanthin ; 
sometimes the margin or outer half of the petals is yellow or the orange 
petal is striped with yellow. Examined microscopically the yellow colour 
of the streaks and margin is seen to be due to yellow plastids, containing, 
undoubtedly, xanthin only. The orange portions contain orange plastids, 
carotin being present in addition in these. The sap contains a glucoside 
(the soluble yellow pigment of Oourchet(3)), crystallising in spherules of 
needles. E. Oanienfaia rosea is cream tinged with pink. Plastids are 
present containing only a little xanthin; most of the plastid pigment 
appears to be similar to that in cream Matthiola. The glucoside is also 
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present, though in smaller quantity than in the orange species. The pink 
tinge is due to anthocyanin. 

Qlamium luteum has plastids containing carotin and xanthin, 

0. flijxnicmin, an orange-red species, has anthocyanin in addition, 

Pa/pavm' nudicaulc exists three varieties, orange, yellow and ivory- 
white. The pigment appears to be of the xantheic type, which becomes 
paler on addition of acids and alkalis, and is not precipitated by lead 
acetate, 

Polemoniactcc. 

Phlox Drtmmondii has already been considered. The xantheic pigment 
is deepened by acids and alkalis and precipitated by basic lead acetate as 
a deep yellow precipitate. 7'he ivory gives the yellow colour-reaction, and 
the albino, which does not give this reaction, is recessive to yellow. 

Ilanunculaoeoc. 

BanuTicvMLS spp. have plastids containing carotin and xanthin. 

Romcece. 

Potmtilla fruticom has plastids containing xanthin. 

Cream Rosa spp. contain a plastid pigment similar to that in cream 

MiUthiolcu 

Scrophxdariiicece, 

Antin*himihi \\v^ already been fully described. 

Cdlceolaria spp. contain a xantheic pigment intensified in colour by acids 
and alkalis, and precipitated by basic lead acetate as an orange-brown 
precipitate. In some oases plastids containing xanthin are also present. 

Varieties of yellow Nem-esia at.ru.iium. have a xantheic pigment, which 
becomes paler on treatment by acids and alkalis. 

Verhaaev/m LydvniU’.a has a xantheic pigment giving a blue colour with 
sulphuric acid, fading to yellow, a yellow colour with alkalis, and a yeUow 
precipitate with basic lead acetate. 

SolanacecB. 

ffyosoijemus ChloraiUhiM, a yellow species devoid of purple veining, has 
plastids containing xanthin. 

Phyaalis AVcehengi has plastids containing carotin and xanthin in the 
orange calyx. 

Salpigloam shows the anthocyanin-plastid series. The deep 

yellow is due to plastids containing carotin and xanthin ; the pale yellow 
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probably contains xanthin only. Various purples and crimsons are given on 
the addition of anthocyanin. 

Troimohcem. 

Tropceolum majus shows the antluxjyanin-plastid series. In the pale* 
yellow variety the plasfcids contain only xanthin, in the deep yellows carotin f, 
and xanthin. Anthocyanin may be present in addition at the base of the 
petals or diffused throughout the flower. Various concentrations of antho- 
cyanin on pale and deep yellow give orange-red, salmon-red, crimson, etc. 

T. cmuiriense has plastids containing xanthin only. 

T. npeciomm (xmtains anthocyanin. 

Violaerw, 

Viola tncolor allows the authocyanin-plastid series. The deep yellow has 
plastids containing carotin and xanthin, and in addition a crystalline 
glucoside, similar to tliat found in Esclmlwltzia. A paler yellow variety 
appeared to contain the glucoside only. 

Sim^n4iry of 

1. “ Anthocyanin/’ the term used in connection with the red sap-colour in 
plants, includes several pigments differing as I'egards their inheritance, the 
colours to which they give rise in variation, and their behaviour towards 
chemical reagents. 

2. The colours of the varieties arising from an ** anthocyanic ’* type may 
be regarded as components of the original anthocyanin ” ; the type, 
conversely, may be supposed to lose its components (which are expressible 
as ifendelian factors) in succession, thus giving rise to a series of colour 
variations. 

3. Broadly speaking, there are two series of colour variations, one con- 
taining a ** xantheic” derivative, as, for example, in Antirrhinum the 

ether no such derivative, as in Lnihyrm odm^atvB. 

4. Albinism, in the first series, is a lack of both “anthocyanin'’ and 
“ xanthein " ; in the second series of “ anthocyanin ” only. 

5. “ Xanthein,” a term used in connection with yellow sap-colour, includes 
several different pigments. This is to be expected if the view that “ xantlicin " 
is a derivative of “ anthocyanin ” be accepted. 

6. There is evidence, as far as investigations have gone, of a correlation 
between the behaviour of pigments in genetics and their reactions towards 
chemical reagents. 

7. In the case of plastid pigments, the type may contain carotin, 
xanthin, or both. Varieties arise in some cases from loss of power to 
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produce carotin, or in others from loss probably of some of the constituents 
of xanthin. 

8. ** Anthocyanitt may exist together with plaetid pigments in the type, 
in which case derivative products of both forms of pigmentation are found 
among the varieties. 

I wish to take this opportunity to express my sincere thanks to 
Prof. Bateson for his kindness and help throughout this research. I am also 
indebtetl to Mr. John Parkin, who has kindly made various suggestions.' 

BIBLIOGRAPHY. 

1. Bate»oa, launders, and Pimnett, ‘Reports to the Evolution Committee of the Royal 

Society/ 1, II, and HI. 

2. Bidgood, J., ‘‘ Floral C^oloure and Pigmenta/^ * Roy. Hort. Soc. Journ./ December, 

1905. 

3. Oourchet, “ Recherchen sur les chromoleuciteB,'* ‘Ann. dew Sci. Nat./ e^rie 7, 1S8S. 

4. t^zapek, ‘ Biochemie der Pflanzen.’ 

5. De Vriee, ‘ Species and Varietiee, their Origin by Mutiition.’ 

a. Heine, R., “Zur Kenntnias des Heidelbeerfarbstoffes/^ ‘ Arl)eiten Kaiserl. Uesund- 
heitsauit/ 1894. 

7. Lock, R. H., “ The Preaent State of Knowledge of Heredity in Fieum/’ ‘ Ann. of the 

Roy. Bot. Gardens, Peradeniya.’ 

8. Moliach, H., “ Cl»er amorphea und Kristallisiertes Anthokyan/’ ‘ Bot. Zeit./ 1905. 

9 Overton, “ Beobachtungen u. Verauche iiber daa Auftreten von rothem Zellaaft bei 
Pftan/eii/^ ‘ Pringa. Jahrb./ 1899. 

10. Shull. “New (Jaaea of Mendelian Inheritance,” ‘Bot. Gaz./ vol. 45. 

11. Weigert, “ Beitriige zur C.liemie der rothen PflanzenfarbatolFe,” ‘ Jahreabec'icht der 

K. K. Uenologischen u. Pomologiachen Lehraiwtalt Kloaterneuberg bei Wien,’ 
1894- d>5. 

12. Wheldale, M., “Inheritance of Flower-colour in AMirrhinwn ma;t«/* ‘Roy, Soc. 

Proc.,’ B, vol. 79, 1907. 

13. Zimmermann, ‘ Botanical Microtechnique.’ 



61 


An E^jcperimental Estimation of the Theory of Ancestral 
ContrihtUions in Heredity. 

By A. D. DAUBtSEtRE, Demonstrator of Zoology in the Royal College of 

Science, London. 

(Communicated by J, Bretland Farmer, F.RS. Received December 7, 1908, — 

Read February 11, 1909.) 

The experimentB described in the following pages were undertaken with 
the object of finding out if the proportions in which eharactei'S segregate in 
the F^ generation are affected by the distribution of those characters over 
the parentage and ancestry of the forms crossed. To this end I crossed a 
yellow pea with an extracted green in and detained a purely negative 
result. The proportion of yellows and greens in the geueration from this 
cross did not differ sensibly from that obtaining in the Fa generation from 
a cross tetweon a pure yellow and a pure green. The nature and result of 
the experiment may be summarised in the following ]X'digi’ee, in which the 
two forms which I crossed are enclosed in brackets : — 


75*12 per 24*88 mr 
cent. cent* 


Y G 

Y 




Y 

[YxG] 


/ \ 


Dktau^ oi- THE Experiment. 

The Parent Forma. — (i) Tlte G^rems. 

The ordinal cross which provided me with the extracted Fs greens used in 
®y experiment was made by Mr. C, C. Hnrat, and has been fully described 


* See Summary on p. 78. 
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by him.* In the spring of 1906, Mr. Hnmt kindly sent me some seeds, the 
cotyledons of which belonged to the F 3 generation resulting from the cross 
which he had made. All the seeds were borne on a single plant (No. 31), of 
which the following is the pedigree, which is copied exactly from the 
My. pedigree which Mr. Hurst jent to me with the seeds : — 

“ No. 1, y ^ Eolipffo ^ 

B. Queen, f 

wy RG. 

i P ( 

(No. 5) RY (F,) 

(No. 81) Ry iTo Wa (P,) 

”b» ~V^O (P.) 

(Sainp]e 

I sowed the yellow round seeds of the sample which Mr. Hurst sent me 
(;Le., the YR eotyledonod plants of the F^, generation) in tho spring of lOOH, 
and harvested F 4 in the autumn of that year. Of this F 4 generation only the 
YR were, as before, sown in the spring of 1906, and F 6 § was harvested in the 
autumn of that year. I kept some green round seeds from three plants of 
this generation, and it was this seed which produced the plants on which I 
made the crosses the results of which are recorded in this paper. The 
characters of these three plants are summarised in the following table, which 
gives tlie catalogue numbers of the parent plants and of the green plantsil 
raised from their seeds, the numbers of the various kinds of seeds l)orne on 
the three parent plants, etc.: — 


Catalogue nuinbera of — 

N umber of seeds borne by 
partmt plant. 

Number 

of 

green seeds 
sown. 

• 

Number 

Parent plant. 

Sowing of 
green weeds borne 
on it. 

YK. 

YW. 

OR. 

GW. 

of 

plants raised. 

B56.13 

483 

68 


21 


7 

7 

B64.180 

1 484 

29 i 

0 

1 

2 

0 

6 

B64J83 

485 

41 

i ' 

— . 

14 

— 

12 

11 


‘ Jouru. B. Horticultural Boc./ voL 26, pp. 483 —494, 

+ Britiali Queen. 

I Y wignifiew yellow, G prreon, B round, and W wrinkled. Mr. Hui'st writes the shape 
of the seed first. Throughout the present paper, however, the colour is written first 
§ Tho propoiiione of ** yellows/* “greens,” “ rounds,” and “ wrinkieds ** in these genenu 
tions will be published at a later date. 

(1 By a “ green ’* plant I mean one raised from a seed with green cotyledons. 
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(ii) The Yellows, 

I shall now give a brief account of the various strains of yellow peas used 
in the experiment. I had been endeavouring for some time previous to 1007 
to bring together a collection of peas from widely sojiarated sources, with a 
view to relating the observations of Mendel and others on a broader basis 
of material. The yellow strains thus obtained were used in tins experiment. 
I shall briefly describe them in the order in which they occur in my records, 
writing the catalogue number before the de8crii»tion of them. 

(477) This is a native Chinese cultivated pea, and was procured for me 
in a village not far from Pekin by Dr. Korsakov, of the Kussian Legation in 
Pekin. Wen-don is the Jiame written on the packet in which they were sent. 
The peas are yellow and round. The pod and the peas themselves are very 
small, and Imve evidently not been imported from liurope during the last 
half century, if, indeed, there is any reason to 8U])pose that they have been 
imported at all. 

(478) This is one of a set of peas which my colleague, Mr, F, J. Bridgman, 
procured from a shipping merchant who was kind enough to put up a few 
packets of seeds from cargoes which had been shipiHjd from various parts of 
the world. 478 was a jiarticularly fine seed, resembling Victoria marrow, 
from a cargo which had been shipped from Germany. 

(479) Nineteen seeds of this variety came into my possession at a meeting 
of the Natural History Society at the Royal College of Science during 
Decemljer, 1906. It is a small yellow round pea. 


(4 80 ) From Calcu tta. 
( 45 i ) From Canada, 
(482) Prom Russia. 


Through the same channel as 478. 
round. 


All yellow 


(492) A yellow round pea which I bought in Genoa in April, 1906. The 
parents of the plants which were used in this experimont were grown in my 
garden in 1907. A yellow round pea. 

(493) The same as 492, from a later sowing in 1907. 


of Todties /— VIIL 

Oross-poltination was effected in the following way;— A flower of suitable age was 
selected to function as pistil-parent ; one side of its cariua was torn trai^sveraely, the 
whole cariua then teniporarfiy slipped off the bimoh of stamens, which were removed with 
forceps, after it hod b^n determined that tliey had not yet dehisced. A flower of suitiibJe 
age to function as pollen-parent was selected and plucked from the plant which boi^e it ; 
the tip of its cariua waa out off and the etigma of the pistil-parent was inserted into the 
aperture in the carina made by the out, and consequently into the mass of pollen which it 
oputained. llie carina of the piatil-parei^t was then slipped back, and the standard and 
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winga folded into their original poaition. The flower waa then labelled. Ah a rule, I 
pollinated four flowers with the pollen of a single flower, in order to save time. When 
more than one flower has been pollinated from a single flower, thia fact is indicated in 
Tables 1 and II by writing all the crosses made with the pollen of a single flower on the 
same line ; except in cases in which different kinds of pistil-parents were fertilised from 
the same flower, when they are connected by a vertical bracket, as in croises 121^ — 124 
(Table I). 

The flowers of the pistil-parent were not enclosed in bags after they had been pollinated. 

I did not do this, because I had observed that bees did not visit the flowers until they 
were o})en, nc,, a day or two after they had l»een pollinated. The neglect of this precau- 
tion was justified by the event. With a single exception, all the crossea which *‘took*’ 
proved successful, as could be determined in the autumn of the year in which the cross 
was made in the of G ? x Y , and in the following autumn in the case of Y ? x O . 
The exception referred to occurred in a cross between Wsn-dou and a pure green — EspresSf 
viz., cross No. 71 (Table 11). When the pod containing the F, cotyledons was opene<l, it 
was fotmd to contain four yellow and one gram seed. This was presumably due to the 
fact that the flower functioning as pistil- parent was operated on a little too late. 

All the crosses between the pure yellow and extracted green are recorded in Table I. 
Those which gave no seed are indicated by being printed in italuis. The date at 
which the m^oHses wore made is written against the first of the crosses made on a given 
date. Table II is a list of the (successful) control crosses, to be described later on (p. 09). 

Tables III to VI give the numbers of yellows and greens in individual families com- 
posing Fg from the cross between the yellow and the extracted green, and a summary of 
all the families composing this Fs is given after Table VL Tables Vli and VI II give 
details of Fg fron* the control crosses. When there was any doubt as to the colour of a 
seed, it was recorded as doubtful. The number of such seeds, if they occur, in each family* 
is given in the column headed with a ?, The families of Fg cotyledons from the cross 
between the pure yellow and the extiwited green are given in two lots, in tme of which 
(Tables 111, IV, and V) it has l>een posBible to claasify the families according to the green 
and also according to the yellow parent forms from which they have sprung, and in the 
other of which (Table VI) this classification has not been possible, owing to an ftocideut. 
This occurred during harvesting. The plant or plants bearing the Fg families from 
cross lfi6 were accidentally incorporated in a bundle with the plants from some «thez' 
cross. 1 discovered this by finding the peg with 166 on it, after the day's harvesting, 
rather deep in the ground (the top was just covered), as I was hoeing. So that, knowing 
the mistake had occurred that day, I was able to know in which bundles 166 had been 
incorporated. If I had kept a lecord of the number of seeds I sowed fipoin each oross, I 
should have been able to discover the plants bearing the F, from cross 166 daring the 
process of recording ; but 1 had not done this, in these particular sowings, partly because 
the ground had not been used for peas before (not in itself a suflflcient justification), and 
partly because the seeds containing the F| cotyledons had been sown exactly 9 inches ' 
apart, so that if stray seeds dtd come up, they could not escape detection. (The rows were 
carefully examined during the process of weeding, which was done with great minute- 
ness with the hand, the smallest seedlings being removed).! The familiesof F, cotyledons 
which cannot, as a result of this accident, be classified according to theh* yellow and 
green parent forms, have been given under a separate heading ; but it must be under- 
atood that one of them (which, there is no means of disooveriug) contained an addltioiial 

* By “ family ” I mean, in the present case, the number of peas on a plant 

t I have reofganiaed the method of carrying out my experiments in such a way that no 
farther mlatakee of this kind can occur. 
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family borne ou oue or more plaate. I t^ied to identify it by tile general look of ito 
but although the ootyledons produced from the different types of yellows are often 
sfcrikin^y like tlieir yellow grandparents, I did not succe^* The only drawback, 
however, which this accident entails is the impossibility of employing these families for 
the purpose of determining the percentage of greens from crosses from the several green 
and yellow parent forms. The total result from the F, families not classifiable by parent 
forms has been incorporated in the grand total ; as also bas a plant which is recorded 
as having been “accidentally left behind between 216 and 28 and not belonging to 
either.’* There were 161 yellow and 50 green seeds on it (see Summary after Table VI). 
Fortunately, all the plants from crosses between the pure yellow and extracted green were 
grown on a plot by themselves, so that there can be no question as to the jiarentage of a 
plant like this. 

Tlie Percentages of Greens in Fa produced from tlbe several Yellow and GreAm 

Parent-forTm. 

I have classified all the Fa families, from the cross between the pure yellow 
and extracted green, into groups according to their yellow grandparents, and 
also according to their green grandparents, where this was possible (see 
previous section), and have determined the proportions of greens in each of 
these groups with a view to finding out whether the clomi approximation to 
26 per cent., viz., 24*88 per cent., which was the proportion of greens in 
the whole population (including those families which could not be classified 
into groups), was also exhibited in each of these groups. The perc-entage of 
greens, calculated from the total numbers of yellows and green in the 
classifiable families is 24*82. Now it is quite (ionceivable that this total 
proportion may be compounded of widely divergent proportions, ranging 
perhaps from 10 to 40 per cent., and each, possibly, characteristic of families 
from particular yellow or green grandparents. In order to find out whether 
the deviations which might be exjiected to, and do, occur, are significant, or 
attributable to chance, it is necessary to calculate the Probable Error of the 
percentage. Half the deviations should fall inside and half outside the 
Probable Error in the plus or minus direction ; and deviations greater than 
four times the Probable Error should not occur often. The Probable 
•Error of the ratio, expressed os a percentage, of any part to a whole (in this 
case the ratio of the greens in a generation to the total number of seeds in 
that generation) is calculated by the following formula, which I have used 
here;— 

10o[o-87449xy^ 

. I ...., 1 I — ■ — -1... I ll , 

X 

in irtiiob » i8 tiw luribole (or tho total nomber of seeds) and a is the part (<^ 
tlie ntnnalwr of greens)^ Tbe table on the next page shows that of tiie 
TOL. LXI33.-->& F 
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11 giroups, 6 exhibit a deviation in a — direction, and 6 in a -f direction. 
Also that 7 of the deviations (478, 479, 481, 482, 493, 483, and 484) fall 
within the Probable Error and 4 outside, in only one of which is the deviation 
greater than thrice the Probable Error — viz., in 480 in which the actual 
deviation is a little over three and a-half times the Probable Error. The 
application of this test, therefore, justifies us in concluding that the deviations 
from 26 j)er cent, which occur in each of these 11 groups are attributable to 
chance. 



Catalogue 
number* 
of grand- 
parent 

dumber 

of 

yellows. 

Number 

of 

greens. 

Per- 

oentage 

greens. 

Actual 
deriation 
of per- 
oentage. 

Probable 
Error of 
per- 

• oentage. 

OlASfiificaHon bj^ yellow 
grandparents 

477 

14,081 

4,682 

24*86 

-0-66 

^0 2n 

478 

7,172 

2,406 

26-11 

+ 0T1 

±0-200 


479 

20,761 

6,061 

1,224 

26*08 

-t-O-08 

±0*176 


4B0 

8,978 

23 ‘63 

•-1-47 

±0-897 


4B1 

2,777 

942 

26 *33 

+ 0*83 

±0*481 


482 

11,140 

.8,716 

26 *01 

+ 0*01 

±0*240 


492 

14,167 

4,668 

24 '76 

-0*24 

±0 -212 


493 

1,408 

486 

1 

26 ‘86 

! 

+ 0*66 

±0*677 

Totals 

— 

1 76,474 

24,913 

24*82 1 

-0*18 

±0*092 

ClassiBoation hy green 
grandparents 

! 

483 

88,666 

17,160 

12,788 

I 

24*9 

-0*1 

±0*129 

484 

6,719 

26*01 

+ 0*01 

±0*198 


485 

19,769 

6,406 

24*48 

+ 0*62 

±0*179 

Totals 

— 

76,474 

1 24,918 



o 


* Sbr aigniilMtioa of thorn, loo pp. 82 and 68. 


The totals have been added up and written under the grouping by yellow 
grandparents and under the grouping by green grandparents. But the per- 
centage of greens, the actual deviation and Probable Error of the percentage 
calculated from these totals, have only been written once, i.«., under the 
grouping by yellow grandparents. 


A Special Caae. 

In the El families raised from five of the crosses these oocnrzed 
wrinkled as well as round seeda All these occurred in crosses made with 
the extracted green Ho. 484, which is the only one of the three mm 
of extracted greens used, from which, on the Mendelian theory, wrinkled 
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seeds could arise ; for, as the table ou p. 62 shows, neither of the other green 
rounds used oocurred in a family in whiob wrinkleds also occurred. 

The nature of the mating enclosed in brackets in the pedigree on p. 61 and 
of its subsequent progeny is of the type 

EE X DD 
DE 

ee^d'e\d 

as far as the colour of the cotyledons is concerned. But with regard to the 
shape of the cotyledons, the nature of the mating, in those cases which gave 
wrinkleds in Fj, was of the type 

DE X DD, 

giving equal numbers of DE and DD individuals, the former of which, when 
allowed to self-fertilise, should produce rounds and wrinkleds in the pro- 
portion of 3 to 1. 14 families from 5 different crosses contained wrinkled 
seeds ; in the case of 6 of these families I did not reconl the numbers of 
wrinkled, because I was not immediately alive to the interest of the case, 
and contented myself with recording the fact that both round and wrinkled 
did occur. In the remaining 9 families I recorded the numbers, and the 
totals were 2605 round and 914 wrinkled, which gives a percentage of 
26'97 wrinkleds. Let us look for a moment at the ancestry, that is to say, 
the characters of the ancestors of this cross. The round hybrid, which gave 
rise to the Fj in which this proportion of wrinkled occurred, was the result 
of the ilnion of two rounds, one of them, the yellow, presumably a pure 
round, and the other, the extracted green, a hybrid round. This hybrid 
roun^ was descended from an unbroken line of 4 “ round ” ancestors (each 
of them hybrids in the Mendelian sense) ; whilst behind that point half of 
the ancestors were round and half wrinkled. It will be convenient to 
display this ancestry in the form of a pedigree (Pedigree A), in which the 
crossing which gave rise to the Fs in question is enclosed in a square 
bracket Each ancestor is represented by a circle, and its character is written 
immediately to the right of the circle ; the nature of the gametes borne by 
each ancestor being written within the circle. 

Now let us write the pedigree on p. 61 out again (Pedigree B) in the same 
way os this, and compare the two (see p. 68). 

The result obtained in Fj from the experiment with cotyledon shape 
(Pedigree A) affords a more convincing a jKwferiort demonstration than that 
affinded . by the experiment with cotyledon colour (Pedigree B), of the 
correctness of the course of leaving the soma out of account in the attempt 
tc predict the result of a given mating. For, as is clearly seen by a 

r 2 
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74'03 per 26-97 per 
cent cent. 


76-12 per 24-86 per 
cent. cent. 


Pkdigkbg a. 


Pkdiorkr B. « 


comparison of the two pedigrees, whereas in the case of cotyledon colour one 
of the parents of the hybrids, from the self-fertilisation of which the Fj 
generation in question arose, bore the recessive character which reappeared 
in the proportion of 26 per cent, in that generation ; in the case of cotyledon 
shape, neUher of the parents exhibited the recessive character. Indeed, in 
the latter case the wrinkleds which appeared in Fj had no ancestors bearing 
the wrinkled character for six generations behind them. 

Subjoined are details of the families in which segregation into wrinkled 
and round occurred. Those in which I did not count the number of 
wrinkleds ore simply marked DE. The families 168.1 to 6, and 176.1 to 4, 
fall into thn nnclasrifiable group (see p. 64). They can, of course, be inelnded 
in reckoning the percentage of greens in total of huniEes in winch kigre- 
gatibn occurred, bnt not lor calculating the relative numbers of families fhnii 
DD and BB parents. ■ - ^ ^ 
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0:9 


The actual deviation of the percentage of wrinkleds fi*om expectation is 
+ 0’97 ; the Probable Error of this percenti^ is ±0‘498 : so that the actual 
deviation is just less than twice eis great as the Probable Error, and is 
certainly not s^nificant. Moreover, it is in the opposite direotion to that 
which would afford any support to the theory of Ancestral ContributionB. 



Number 

of 

family. 

Nature of parent 
with regard to 
(jotyiedon colour. 

Numbqr 

of 

round. 

Number 

of 

writtkled. 

Olaseiflable famUioB 


PR 

249 

96 


124.2 

DR 

210 

64 


124. li 

BB 

300 

125 


165.1 

BB 




165.2 

BB 




165. 8 

PD 




166.4 

PR 

893 

142 


218.1 

PR 

162 

61 


218.2 

PR 

408 

147 


218.8 

PR 

219 

76 


218.4 

PP 



j 

218.6 j 

PP 



UnoloBsifiable famlliet 

158.1 

PP 




158.2 

PR 




158.8 

PR 




168.4 

PR 

297 

108 


1 158. 5 

PP 




i 168. 6 

PR 

298 

101 


1 176. 1 1 

PR 




‘ 175. 2 i 

PP 




176. 3 1 

PR 




175. 4 ] 

PP 

1 


• i 


1 

! 2605 

1 

914 


Peiwntago of greciw 26'97 

Probable Error of peroeab»ge ±0 498 


The niunber of families (falling into the categories classifiable by yellow 
and green grandparents) in which segregation occurred was 8 ; the number 
of families from the same parents in which segregation did not occur was 4. 
There should, on the Mendelian hypothesis, be equal numbers of the two 
(DR and DD give 50 per cent, DR, and 50 per cent. DD). But I do not 
think it desirable to base any conclusion on numbers so small as these. 


, Control Crosses. 

The evidenoe on which the statement that the j^ns occur in the pro* 
porluip of 2S per cent in ^e Fj generation from a cross between a pure 
yellow aad A paxe green pea is based, has been collected by Mr. Look in his 
most useful paper on “The Present State of Knowledge of Heredity in 
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Pimm.”* Subjoined is the table in which the details of this evidence are 
summarised by Mr. Lock. I give it in full because it embodies the result 
in Fg from the cross made by Mr. Hurst, in Fj from which the extracted 
greens which I used in my experiment occurred. The percentage of greens 
calculated from the total is 24'9. The actual deviation is less than the 
Probable Error. 


0 

Obseprer, 

Yellow. 

Green. 

Green, 
per cent. 

Mendel 

0/)22 

2,001 

24*9 

Oorrenii 

1,394 

463 

24 6 

Tflcbermak 

3,680 

1,190 

24*9 

Bateson i 

11,903 

3,903 

24 ‘7 

Iluwt 

1,810 

445 

25 *4 

liook 

1,438 

514 

26*2 


26,047 

8,606 

24*0 


Besides the above, I have some evidence based on observations made by 
me which more strictly deserve to rank as control observations. This evidence 
is based on the result of crosses made between the identical yellow races used 
in the experiment, and, with the exception of the few crosses made in 1906, 
from the pollen from the identical crop of plants which were the yellow 
parents in the cross between the pure yellow and extracted (Fj) green (see 
Table II). The details of the Fg families raised from these control crosses are 
given in Tables VII and VIII, The total number of yellows raised was 
4015, and of greens 1394, the i)ercentage of greens being 25‘77. The Prpbable 
Error of the percentage is +0 401, so that the actual deviation, being lees 
tlian twice the Ihrobable Error, is certainly not significant. 

The expense of carrying out this experiment was defrayed by a grant from 
the Government Grant Committee of the Eoyal Society, and I take this 
opportunity of expressing my indebtedness to them. I also wish to express 
my thanks to Mr. Udny Yule and to Dr. E. Schuster for some preliminary, 
statistical assistauce. and to Mr. Charles Biddolph for clerical help. 

Summary, 

An experiment has been devised to test the truth of the theory of Ancestral 
Contributions : the results of the experiments prove : — 

‘‘.(a) That the phenomena of dominance, and, what is more important, of 
thfe Segregation of characters in definite proportions, are independent of the 
ancestry (ahd Of the geo^apbioal source) of the parent-forms mat ed 
* ‘ AnSals of tiiS Itoyal Botanic tlardens, Peradeufya,* vd. 4, Part IH. 
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( J) That the recessive character which reappears in is as pure as that borne 
by a pure race, as tested by the results obtained from its union with a pure 
dominant character. 

(«) That there is nothing like Ancestral Contributions within the limits 
of a single unit-character. 

(r/) That in the attempt to predict the result of a given mating the somatic 
characters not only of the parents and of the ancestors* of the individuals 
mated, but of the individuals themselves, t may be entirely left out of account ; 
and that the expectation based on a theory of the contents of the gem cells 
of the two individuals mated is fulfiUetl. 


StNOPSIS of CoNTKXTS of TaBL»8 and SCMMARIfiS. 


Tlioae tables (viz., II, VII, and VIII) which embody the result of the control 
observati<ms (see p. 70) are printed in italics. 

Page 




{ 


*■. 




Table I. — Matings between Pure Yellows and Extracted (F*) Greens ... 

Tafde 11. — Matings between Pure Yellows and Pure Greens 

Table III, — Particulars of Fg Families from Crosses made between Fui‘e 

Yellows and Extiacted (FJ Green No. 483 

Table IV. — Ditto. No. 484 

Table V. — No. 485 

Table VI. — Ditto. Greens, not (Uassifiable by Yellow and Green Grand- 
parents. (See p. 64) 

Summary of Fg Families from Crosm hetimn Pure Yelloue ar\d Fxtraeted 

(FJ Greem 

T<Me -Particulars of Families from Control Crosses made in 1906 

'Table VJII . — Particxilars of Fg Families from Omtrol Crosses made in 1907 
between the Pure Yellow Types used in the P^xperiment 

and “ Express,” :a Piu^ Green (Eouud) Type 

Stmnmry of Families from Co?itrol Crosece (Tables VII and VIII) 


72 

73 

73 

75 

76 

77 

78 
78 


79 

79 


^ Bee Pedigree B on p 68. 
t See Pedigree A on p. 68. 
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Table I. — Matings between Pure Yellows and Extracted Greens in F(s. 

(See pp. 61—65). 


i ' ' 

If umber of cross or orosaes. 

Number of 
$ parent. 

Numbt^r of 
parent. 

Date of making 
cross (all 1907). 

ao, 21 

485 

493 

VI.2 

22, 28 

492 

485 

VI.9 

24, 26, 28, 27, 28 

485 

402 


75, 76, 77, 78 

483 

477 

VI.16 

79, 80, 81, 82 

483 

477 


83, 84, 85, 86, 87 

483 

492 


88, 89. m), 91 

485 

492 


108, 109, 110, 111 

477 

483 


U2 

483 

477 


113, 114, 115, 116 

48i{ 

477 

VI.22 

117, 118, 119, 120 

483 

477 


ri2i 

483 

479 


1122, 123, 124 

484 

479 


126, 126, m, 128 

485 

479 


129, 130, 181, 132 

485 

492 


143, 144, 145, IJ^ 

483 

479 

VI.26 

147, 148, 149, 160 

483 

479 


151, 152, 158, 164 

483 

479 


155, 166, 157, 168 

484 

479 


169, 160, 161, 162 

488 

492 


fl63, 164 

488 

4H0 


\166, I66t 

484 

480 


167, m, m, 170 

484 

481 


171, 172, 173, 174 

484 < 

477 


176, 176, 177, 178 

484 

478 

VI.29 

179, 180, 181, 182 

483 

479 


183, 184, 185, 186 

483 

480 


' 




187, 188, 188, 190 

486 

492 


191, 192, 19^94, 195, 196 

464 

479 


205, 206 

483 

477 

VILl 

217, 218 

484 

493 


f 2287^24 

485 

482 

VII.2 

\225, 226 

484 

482 


227, 228 

478 

484 


229, m 

485 

478 

VII.6 

231 

484 

478 


232, 283, 234, 885 

478 

488 


m, 287, 288, 289 

482 

488 


1240 

483 

479 

Vtl.7 

1241, 242, 248 

485 

479 


263, 264, 266, 266 

482 

488 


267, 268, 262, 270 

482 

486 


271, 272, 278 

485 

494 


2747^5, 276, 277 

481 

484 

Vif.U 






♦ See p, 04. 

KoXK.-^The ftMOoiation of ovo»Be» (such ns 129 nod 180) by a horisontal bracket; indioaM that 
the two ctisaEuui poUiiiated were in Sowers on the same peduncle. 
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Table II. — Matings between Pure Yellows and Pure Greens. (See p. 70.) 


Number of cross 

NumlH*r of 

Number of 

Date of 

or crosses. 

9 parent. 

1 

<f parent. 

making cross. 

looe- 

rao 

: 329 

4(H 

VLIO 

L81, .82 

823 

404 



r40 

477 

49X 

VI.0 


44 

477 

491 



09, 70, 71* 

491 

477 

VI.IO 


97, 98. 99 

480 

491 

VI. J 6 


104, ior» 

491 i 

1 477 



200 

491 

479 1 

VI.29 


204 

m 

1 477 ; 


1007 .j 

208 

491 

479 

VII.l 


210 

491 

477 



244 

401 

479 

VTI.7 


250 

491 

477 



262, 254. 256 

1 491 

478 



256 

1 491 

480 i 



258. 259 

; 491 

481 I 

1 


jm, 261 

i 1 

i ! 

482 j 



* 8oe note* on p. 64. 


NOTB.^The aignifleatioua of the numbers indicating the parents in the 1907 orosses will be 
found on p. 63. The following are the pureute of the 1900 cpobscs (the first three on the list) 

823 « Express *’ (green round) ; 329 «* Laxtoti’s ‘'Alpha** (green wrinkled) ; 404 is tlio 1906 
•owing of the yellow round type winch appears as 493 and 403 iu the 1907 orosscs (see p. 63). 


Details of Fa Families, produced from Crosses in Table 1, classifiable l.»y 
Yellow and Green Grandparents. 

Table III. — Particulars of Fa Families from Crosses made with 
Extracted Green No. 48o. 


Number 

of 

family. 

Y. 

o. 

? 

1 N umber 

, of 

1 family. 


0. 

* 1 

! 

Number 

of 

family. 

y. 

a. 

P 

i 76.1 

146 

52 


77.4 

13 

11 


85.1 

74 

26 


, 76.2 

82 

20 


77.6 

103 

37 

8 

85.2 

78 

28 


1 76.8 

172 

65 

2 

70.3 

107 

31 

1 

86.8 

138 

43 

2 

75.4 

142 

42 

1 

79.2 

96 

30 


86.1 

203 

54 


76.6 

149 

60 

4 

79.3 

32 

10 


86.2 

167 

68 


76.6 

160 

68 

1 

79.4 

129 

41 


1 86.3 

108 

48 


75.7 

24 

14 


79.6 

172 

47 

1 

80,4 

86 

31 


76.1 

106 

68 

1 

81.1 

88 

22 


87,1 

38 

9 


76.2 

188 

41 


81,2 

158 

54 


87,2 

73 

27 


i 76.8 

64 

27 


81.3 

190 

62 


87.3 

71 

27 

1 

76.4 

118 

86 


81,4 

152 

52 


87.4 

122 

44 

1 

76.6 

288 

06 

2 ! 

81.5 

141 

44 

2 

87.6 

178 

67 


76.6 

100 

81 


81.6 

63 

26 


87.0 

83 

32 


76.7 

114 

84 

I 

88.1 

96 

36 


108.1 

360 

114 

2 

76.8 

X68 

48 


84.1 

81 

18 


108.2 

343 

115 


77.1 

6 

2 


84.2 

67 

28 


109.1 

41 

15 


77.3 

62 

12 


84.8 

60 

17 


109,2' 

174 

58 

8 

1 77.8 

69 

21 


84.4 

122 

38 


100.8 

36 

16 
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Table III — eowlimied. 


Number 

of 

famity. 

Y. 

O. 

P 

Number 

of 

family. 

Y. 

a. 

P 

Number 

of 

family. 

Y. 

a 

P 

309.4 

33 

13 


144.1 

*40 

12 


186.2 

800 

07 


109.6 

06 

16 


144.2 

20 

9 


180.8 

216 

67 

1 

109.6 

41 

30 


144.3 

249 

77 

3 

195.1 

184 

58 


312.3 

16 

16 


148.1 

861 

103 

1 

196.2 

231 

85 


■ 

343 

98 


148.2 

266 

98 


J96. .S 

181 

65 


B ‘mM 

241 

77 


148.8 

19 

^■9 


m. 4 

169 

63 


B' g|f 

163 

43 


148.4 

176 

78 


20fl.l 

346 

115 

3 

112.6 

129 

39 


152. 1 

849 

120 

.5 

206.2 

373 

68 


113. 1 

132 

47 


162. 2 

286 

96 

6 

20ei. 8 

608 

201 

6 

iia. 2 

149 

56 


162. 3 

194 

58 

« 

206.4 

308 

89 

1 

118.3 

76 

26 

4 

168. 1 

118 

48 

4 

232. 1 

528 

180 

1 i 

113. 4 

116 

46 


153.2 

56 

20 


232. 2 

229 

84 

2 i 

113.6 

124 

40 


168. 3 

53 

H 


232.8 

241 

84 

2 

113. br.» 

38 

16 


163.4 

97 

27 

3 

283.1 

224 

86 


134. 1 

86 

22 

1 

164. 1 

270 

93 

3 

288. 2 

224 

76 


114.2 

172 

68 


154.2 

158 

46 


288. 8 

16-4 

64 


114. 3 

169 

46 

2 

164.3 

190 

im 

3 

288.4 

223 

79 

1 

114.4 

279 

84 

4 

164.4 

265 

80 


233. 5 

79 

24 


114.6 

119 

52 


164. 6 

807 

96 


288. 6 

201 

76 


114. 6 

330 

46 

J 

J59. ] 

91 

28 


233. 7 

69 

18 


114.7 

169 

44 


359.2 

188 

55 


288.8 

76 

89 


116. 1 

123 

36 


169. 8 

169 

42 


288. ] 

.173 

67 

t 

135.2 

385 

64 


169.4 

265 

88 


I 236. 2 

208 

67 

] 

) 

116. 3 

176 

68 

3 

361.3 

360 

108 

2 1 

1 236. 3 

09 

20 

( 

116.1 

164 

60 


163.2 

176 

69 

1 

1 235.4 

127 

47 

1 

117.1 

876 

110 


un. 3 

290 

78 

8 

285. 5 

2<»6 

61 

6 

117.2 

267 

97 

2 

162. 3 

156 

r>(j 


I 285. 6 

189 

86 


117. 3 

306 

98 

2 

162.2 

167 

ffo 

5 1 

; 237. 1 

483 

200 

1 

119.1 

246 

72 

2 

162.3 

295 

130 

2 i 

237.2 

364 

126 

2 

119.2 

160 

43 


162. 4 

166 

48 

i 

288.1 

378 

127 

1 

119, 3 

72 

22 

1 

362. 5 

212 

73 

I 

238. 2 

4.30 

UH 

3 

119.4 

80 

a 


162. 6 

359 

66 

1 

240.1 

821 

102 

4 

119, 6 

317 

93 

6 1 

164.1 

150 

66 

2 

240.2 

299 

98 


119.6 

375 

327 

3 , 

364.2 

286 

68 

4 j 

240.3 

127 

37 » 


120.1 

161 

63 


164. 3 

163 

45 

1 

j 

240.4 

268 

110 

( 

120.2 

87 

32 

1 

[ 164.4 

394 

59 

1 

[ 240. 5 

267 

76 

i 

120.8 

127 



1 164.5 

55 

36 


1 266. 1 

165 

59 

1 

120.4 

121 

26 


' 164.6 

247 

81 

2 1 

266.2 

291 

74 


120.5 

209 

64 

5 

; 164.7 

222 

62 

6 

265. 8 

408 

123 

5 

120. 6 

250 

68 

1 

1 U^. H 

263 

91 

30 

t 265. 4 

449 

138 

3 

m.i 

198 

65 


1 164.9 

119 

35 

8 

266.6 

296 

98 


121.2 

288 

97 


179. 1 

334 

112 

8 

266. 6 

204 

67 


121.3 

253 

97 

1 

! 179.2 

481 

357 

8 

266^7 

429 

184 

2 

121.4 

244 

79 


179. 3 

286 

108 


266. 1 

366 

128 

3 

121.6 

824 

94 

1 

179,4 

442 

168 


266.2 

403 

110 

a 

121.6 

879 

183. 


179.6 

391 

162 

1 

266. 8 

26 

6 


121.7 

45 

10 


179. 6 

504 

181 


266.4 

466 

162 

1 

121.6 . 

862 

109 

2 

179. 7 

887 

142 

1 1 

266.6 

202 

64 

1 

148.1 

101 

66 


38a 1 

234 

72 

1 

J 

266.0 

379 

120 

8 


* A brauoh. 
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Table IV. — Particulars of F* Families from Crosses made with Extracted 

Green No. 484. 


Namb«r 

of 

family. 

Y. 

a. 

P 

Number 

of 

family. 

Y. 

a. 

1 

P 

1 Number 
of 

family. 

Y. 

a. 

? 

m. ] 

260 

85 

4 

191.2 

253 

102 

1 

1 i 

225.2 

K14 

44 


m.2 

205 

78 

2 

191.3 

810 

103 

^ ! 

225.3 

339 

108 

1 

m.3 

878 

107 

1 

102.1 

269 

80 

2 1 

227.1 

182 

61 

2 

156.1 

279 

96 


102. 2 

811 

109 

1 : 

228.1 

207 

68 

5 

156.2 

419 

125 


192.8 

497 

176 


228.2 

100 

87 

1 

166.3 

3U 

00 


1 192.4 

408 

144 

1 i 

228. 3 

166 

52 

1 

166. r 

646 

168 

3 

198.1 

72 

22 

1 

228.4 

207 

54 


166.2 

226 

79 

6 

198.2 

270 

87 

1 ' 

228.6 

206 

63 

1 

166.8 

363 

120 


193.8 

818 

126 

2 

228,6 

271 

86 

5 

166.4 

416 

119 

2 

194. 1 

215 

79 

1 

1 228. 7 

245 

89 

1 

m. 1 

486 

112 

1 

194.2 

108 

37 


1 231. 1 

133 

40 


172.2 

278 

84 


194,8 

166 

48 

3 

281.2 

108 

36 


172.8 

81 

17 

1 

104.4 

34 

7 


231.3 

378 

151 

1 

172.4 

265 

92 

1 

194.6 

168 

65 

6 

; 274. 1 

439 

141 

3 

172.5 

816 

99 

1 

194. (S 

126 

34 

1 

' 274. 2 

334 

88 


174.1 

278 

97 


218.1 

166 

58 

10 

276. 1 

326 

108 


174.2 

287 

74 


218.2 

422 

133 

2 

i 276. 2 

342 

127 


178. 1 

289 

98 

2 

218.8 

213 

81 

a 

276. 3 

179 

78 


178.2 

160 

48 

2 

218.4 

514 

178 

4 

: 276. 4 

399 

163 

1 

178.8 

889 

114 

4 

218.6 

94 

86 


1 276. 5 

376 

127 


178.4 

176 

68 

1 

226.3 

880 

J54 

3 

276.6 

383 

125 


191.1 

263 

82 

2 
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Table V. — Particulars of Fa Families from Crosses made with Extracted 

Green No. 485. 


Number 

of 

family. 

Y. 

0. 

? 

Number 

of 

family. 

y . 

0. 


Number 

of 

fatmly. 

Y. 

a . 

? 

22.1 

86 

86 


91.3 

888 

128 

1 

188.1 

165 

45 


22.3 

28 

11 


91.4 

271 

86 

1 

188.2 

172 

59 


22.2 

118 

43 


las . 1 

83 

28 

1 

188.3 

192 

72 


22.4 

188 

30 


126.1 

72 

31 


188.4 

195 

64 


22.5 

205 

65 

1 

127.1 

871 

112 

a 

190.1 

14 

1 

2 

22.6 

220 

59 

1 

127.2 

854 

114 

1 

190.2 

25 

4 


22.7 

206 

71 


127.8 

257 

98 


190.3 

82 

19 

a 

23.1 

38 

12 


127.4 

273 

94 

1 

228.1 

265 

8 J 1 

2 

23.2 

174 

60 


127.6 

870 

123 


223.2 

434 

142 

6 

23.3 

78 

21 


127. 6 

267 

88 


223.3 

264 

82 

3 

23.4 

230 

64 


128.1 

262 

77 


223.4 

41) 

128 

4 

28.5 

112 

44 


128.2 

394 

187 


229.1 

270 

88 


24.1 

218 

78 


128. 3 

297 

100 


229.2 

202 

66 


24.2 

206 

66 

J. 

128.4 

270 

75 

2 

229. 3 

187 

37 


26.1 

129 

35 


128.5 

328 

118 


229.4 

814 

97 


25.2 

97 

42 


128.6 

387 

107 


242.1 

129 

4Si 


20.1 

282 

109 


128. br. 

51 

16 


242.2 

26 

4 


26.2 

166 

64 

1 

129.1 

216 

70 

1 

242.8 

113 

31 

1 

26.3 

237 

87 

a 

129.2 

276 

89 

5 

242.4 

265 

84 


26.4 

123 

62 


180.3 

296 

78 


267.1 

86 

28 


28.1 

163 

46 

2 

130.2 

89 

35 

2 

267.2 

412 

122 

1 

2^2 

96 

88 


180.3 

269 

88 

2 

267.3 

212 

73 

1 

88.1 

123 

40 


180.4 

66 

10 


267.4 

234 

84 

1 

88,2 

34 

10 


180.5 

227 

80 

8 

267.5 

179 

68 


88.3 

266 

56 


131.1 

268 

87 

3 

267.6 

267 

101 


88.4 

209 

65 


131.2 

341 

122 

6 

208.1 

29 

6 

1 

88.6 

123 

36 

1 

132. 1 

153 

45 


266.2 

79 

24 

6 

88.6 

91 

20 


132. 2 

71 

27 

1 

270.1 

407 

118 

8 

89.1 

180 

61 

2 

182. 3 

167 

62 

1 

270. 2 

138 

46 


89.2 

149 

63 

1 

182,4 

225 

76 

11 

270.3 

414 

166 

6 

89.8 

33 

17 


182.5 

260 

88 

7 

270. 4 

320 

107 

4 

89.4 

m 

65 

1 

187.1 

88 

33 


270. 5 

22 

10 


91.1 

197 

64 


! 187.2 

187 

71 

4 

' 270. 6 

404 

1 X 9 

2 

91.2 

201 

72 
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Table VI.— Particulars of Fa Families, from Crosses between Pure Yellow 
and Extracted (F^) Greens, not Classifiable by Yellow and Green 


Grandparents. 


Number 

of 

family. 

Y. 

Cl. 

y 

Number 

of 

family. 

Y. 

a. 

? 

Number 

of 

family. 

Y. 

a. 

9 

27.1 

194 

68 

1 

170.3 1 




189.8 

263 

67 

1 

27,2 

141 

49 


and 

382 

128 

1 

189.4 

200 

74 


80.1 

169 

56 


170. J 




180.5 

146 

67 

4 

80.2 

138 

36 

I 

170.6 

291 

01 

1 

189. G 

21 

9 


80.8 

111 

29 


176. 1 

76 

26 


189.7 

247 

74 

2 

111.1 

237 

70 

8 

175. 2 

168 

49 


196.1 

469 

170 

5 

128.1 

618 

176 

7 

176.3 

188 

84 


196. 2 

271 

91 

6 

128.2 

216 

74 

1 

176.4 

268 

99 


19<3. 3 

194 

50 

1 

128.3 

883 

126 

8 

177.1 

206 

76 


196.4 

270 

91 

3 

128. 4 

295 

10<i 

7 

177. 2 

248 

70 


196.6 

122 

88 


123.5 

886 

124 

2 

177.3 

261 

92 


196. 6 

150 

49 

J 

128. br. 

86 

16 


180. 1 

178 

r>8 

1 

196. br. 

12 

1 

1 

145.1 

228 

71 

8 

180.2 

825 

100 

8 

206. 1 

117 

84 


146.2 

132 

86 

2 

180. 8 

288 

106 

3 

206.2 

146 

87 

1 

146.8 

147 

69 


,180.4 

264 

89 


206.8 

201 

97 


146. 4 

174 

67 


180.5 

226 

(U 

2 

205. 4 

885 

118 

1 

146.5 

214 

69 

6 

181.1 

liM. 

48 

8 

206. 6 

266 

71 


146.0 

811 

121 


181,2 

467 

168 

6 

224. 1 

4fi3 

,144 

S 

146.7 

82 

27 


182.1 

212 

61 

8 

224.2 

71 

27 


146.8 

260 

106 

1 

i 182.2 

292 

114 

4 

224. a 

456 

143 

1 

140. 1 

261 

87 

7 

182.8 

290 

92 


224. 4 

417 

186 


149.2 

490 

166 

12 

182,4 

126 

51 


289. t 

232 

78 

1 

149.8 

192 

60 

6 

182.5 

278 

79 

4 

289. 2 

106 

24 


149.4 

826 

109 

6 i 

1 182.6 

861 

127 


239. 8 

490 

167 


149.6 

176 

42 

6 1 

1 182.7 

406 

128 

8 

289. 4 

323 

96 

X 

149. 0 

809 

106 

11 

1 183.1 

238 

70 

2 

289. 6 

180 

42 


160.1 

226 

75 

1 

! 188,2 

164 

62 


239. br. 

78 

26 


165.1 

818 

110 


! 188.8 

168 

46 

1 

241. 1 

388 

126 

2 

166.2 

616 

201 


1 188.4 

16 

7 


241.2 

.'112 

106 

1 

168.1 

282 

109 


188. 6 

117 

89 

• 

241.8 

119 

39 


168. 2« 

132 

47 


188. 6 

284 

74 

8 

241. br. 

25 

9 


168.8 

140 

40 


184. 1 

254 

89 

2 

248. 1. 

180 

70 

1 

168.4 

296 

104 

] 

184.2 

1146 

108 

1 

248.2 

158 

68 


168.6 

268 

88 


186.1 

288 

94 

2 

243. 8 

189 

66 


168.6 

804 

95 


186.2 

3.60 

im 


248. 4 

204 

88 


167. 1 

869 

128 


186.8 

809 

87. 


271.1 

192 

68 


167.2 

270 

93 


186.4 1 




271.2 

248 

69 

2 

167.8 

619 

208 

1 

and 1 

^ 660 

186 

3 

271. 3 

186 

73 


107.4 

814 

86 


185, 6*1 




272.1 

209 

m 

2 

170.1 

410 

188 

2 

186.6 

270 

112 


272.2 

269 

66 

1 

• 170.2 

188 

48 

1 

189.1 

164 

52 


272.8 

188 

67 






189.2 

19 

7 


273.1 

419 

123 



• By an accident, the two famiiic# bracketed wem recorded together. 

Notb. — A glance at Table* III to VI (Experimental Fj) on the one hand, and at VII and VIII 
(Control F3) on the other is, alone, sufficient to rereal an enormoue difference in the average siae 
of the family, t.e., in the average number of need* on a plant, in the«o two groups. The superiority 
of tlio former group is due to the fact that the seeds which gave rise to the plants recorded in it 
were aown 9 inches apart, that the plot on which the plants grew was dug two spits deep, a heavy 
dressing of stable manure being thrown on to the top of the lower spit ; whereas the plot on which 
the Control Fj families (those recorded in Tables VII and VIII) was only dug one spit deep and 
Moeived m manure, except a dressing of superphosphate of lime and steamed bone-6our which 
was also given to the other plot. 1 have evidence, as yet unpublished, that the proportion of 
yellow and green seeds is not affected by the nutrition of Uie plant. 
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Summary of Fa Families from Crosses between Pure Yellows and Extracted 

(F») Greens. 



Yellow. 

Green, 

Table III 

88,565 

12,788 

.. IV 

17,160 

6,719 

„ V 

10,7m 

6,406 

„ VI 

2».410 

9,829 

Family referred to on p. 06... 

lei 

50 

i 

j Totals 

1 

106,046 

84,792 


Perd«ntago of green 24 *88 

Actual deviation —0 *12 

Probable Error of percentage ±0 *078 


Table VII. — Particulars of ¥$ Families from Control Crosses made in 1906. 


Number 

of 

family. 

Y. 

G. ? 

Number 

of 

family. 

T. 

G. ? 

Number 

of 

family. 

Y. 

G. ? 

29.1 

108 

29 

81.4 

103 

88 

82.4 

46 

18 

29.2 

95 

22 

82.1 

22 

9 

82.5 

72 

25 

8M 

78 

26 

82.2 

60 

19 

82. 6 

70 

23 

81.2 

227 

78 

82.8 

76 

27 

32.7 

110 

81 

81.8 

i 

84 

19 








IfoTi. — For details of parentage, see Table II. 
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Table YIII. — Partioulara of Fd Famili^ from Control Crosses made in 1907 
between the Pure Yellow Types used in the Experiment and " Express” 
a Pure Green (Bound) Type. 


Kumbcr 

of 

family. 

y . 

a . 

P 

Number 

of 

family. 

Y. 

a. 

? 

Number 

of 

family. 

y . 

a. 

P 

40 .x 

24 

12 


105.1 

12 

2 


265.2 

82 

19 


40.2 

52 

18 


106.2 

12 

8 


266. B 

64 

19 


40. a 

49 

17 


106.8 

88 

34 


266.4 

27 

7 


40.4 

11 

4 


106.4 

40 

12 


266.6 

81 

10 


40.5 

49 

20 


106.6 

18 

8 


266.6 

20 

14 


44. .1 

12 

4 


106.6 

24 

6 


265.7 

45 

18 


69.1 

15 

6 


200. 1 

22 

7 


266.1 

34 

9 


69.2 

9 

6 


204.1 

44 

14 


266.2 

63 

10 

1 

08.8 

28 

8 


204.2 

28 

16 

2 

256.3 

83 

22 


09.4 

2 

2 


208.1 

28 

7 


256.4 

37 

11 

2 

09.6 

80 

11 


208.2 

18 

6 


256.6 

62 

20 

1 

70.1 

28 

7 


208.8 

48 

36 


268.1 

34 

22 


70.2 

7 

1 


210.1 

15 

8 


258.2 

16 

8 


70.8 

41 

16 


210.2 

32 

6 


268.8 

7 

4 


71.1 

2 

1 


244.1 

89 

13 

2 

258.4 

48 

16 


71.2 

45 

14 


244.2 

7 

5 


269.1 

8 

2 


97.1 

1 



X 

244.3 

64 

24 


269.2 

8 

X 


97.2 

24 

10 


260.1 

8 

4 


269. 3 

14 

2 


97.8 

52 

19 


260.2 

26 

11 


259.4 

86 

11 


98.1 

40 

9 


260.3 

84 

18 


260.1 

87 

27 


98.2 

51 

34 

1 

260.4 

17 

8 


200.2 

21 

6 


99.) 

86 

89 


260.6 

5 

2 


2 fKX 3 

26 

7 


104,3 

15 

10 


262.1 

43 

11 


260.4 

69 

20 


304.2 

29 

12 


262.2 

29 

19 


260.6 

24 

8 


104.8 

58 

20 


264.1 

26 

8 


201.1 

7 

2 


104.4 

9 

2 


264.2 

33 

16 


201. 2 

104 

32 


104.5 

29 

11 


264.8 

26 

12 


261.8 

74 

22 


104.6 

18 

7 


264.4 

88 

81 


201.4 

51 

14 


104.7 

28 

18 


265. 1 

68 

16 


261.6 

109 

37 



Notk. — For details of parentage, see Table II. 


Summary of Fa Families from Control Crosses. 



Yellow. 

Green. 

Table VII 

1146 

369 

. VIII 

2869 

1085 



Totals 

i 

4015 

1894 


Percentage of green 2S *77 

Actual deviation +0*77 

Probable Krror of percentage ^0 *401 


Percentage of green 2S *77 

Actual deviation +0*77 

Probable Krror of percentage ^0 *401 
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The Action of tJie Venom of Sepedon haemachates of South Africa. 

By Sir Thomas K. Fraskr, M,D., LLD., Sc.D., F.RS., Professor of Materia 
Medica, University of Edinburgh; and James A. Gunn, M*A.. B.Sa, 
M.D., Assistant in the Materia Meiiica Uopartmeut, University of 
Edinburgh, 

(Received eTiine 30, 1908, — Read January 28, 1909,) 

(From the Pluinnacology Laboratory of tho ITnivernity of Edinburgh.) 

(Abstract.) 

The venom used was an extract from the dried venom glands of the 
Sepedon hmvicudiatex Its niininnun lethal dose by subcutaneous injection per 
kilogramme was found to be: for tho frog, 0*0012 gramme; for the rabbity 
0001 gramme; for the rat, O’OOIG gramme; for the cat, 0*015 gramme; for 
the pigeon, 0 0033 gramme; and, by intravenous injection, for the rabbit, 
0*00055 gramme. 

In the case of all these aninials, the venom primarily and with greatest 
intensity affects the respiration. Respiratory paralysis is the cause of death 
in mammals and in birds; in frogs, ilie respiratory movements arc early 
paralysed, but death occurs after several days from gradual failure of the 
circulation. Other conspicuous effects produced by lethal doses in mammals 
are drowsiness, ataxia, impairment of rolloxes, and fall of temperature. In 
frogs, the venom produces diminution of reflex excitability, motor paralysis, 
and progressive increase in weight due to cedemu. 

In warm-blooded animals, tlie venom has a marked enfeebling action on 
the brain and spinal cord, which is only slightly, if at all, produced on the 
motor nerve ends. In frogs, however, motor paralysis is due to a paralysing 
action both on the central nervous system and on the motor nerve ends, the 
former action being characteristic especially of large doses, the latter being 
more pronounced in the late stages of poisoning with smaller doses. 

The venom has, comparatively with its action on nerve structures, a very 
slight action on skeletal muscle. 

From the point of view of lethality, the effects of the venom on the circula- 
tion are of minor importance compared with those on the respiration. Perfused 
through the frog's heart, strong solutions of Sepedon venom bring about an 
increase of the rate, followed by arrest of the heart in systole ; and weaker 
solutions slow the heart and arrest it in diastole. The latter effect is the only 
one manifested after injection of even 10 times the minimum lethal dose. 
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Strong solutions slightly constrict the frog’s blood-vessels when perfused 
through them. 

In rabbits, the venom injected intravenously causes a slight fall of blood- 
pressure* This is soon recovered from, emd thereafter the blood-pressure 
rises and remains high till the end of life. The transient fall of blood-pressure 
is probably mainly due to a weakening of the heart’s contraction. When 
pronounced embarrassment of the respiration comes on, the blood-pressure 
rises above the normal level. This is mainly due to stimulation of the vaso- 
motor centre by the venous condition of the blood, the heart being at the 
same time slowed through stimulation of the vagus. The venom also slightly 
slows the heart by a direct action on it, and the direct but slight constriction 
of the vessels may be a contributing factor in maintaining the level of the 
blood-pressure. 

In the course of poisoning in frogs, the lymph hearts are paralysed tardily, 
but long before the blood heart. 

Sepedon venom has little action on the blood. It does not definitely affect 
the coagulability, and neither haemorrhages nor intravascular clotting are found 
post mortevi. Haemolysis is not found in vivo. 

Ilespiratory failure in mammals is due to paralysis of the respiratory 
centre, the excitability of the phrenic nerve-ends being practically unim- 
paired. 

Non-lethal doses of Sepedon venom cause a rise of temperature ; lethal 
doses cause a fall of temperature, with sometimes an initial rise. 


YOU nXXXL— B. 
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The Selective Permeability of the Coverings of the Seeds of 
Hordeum vulgare. 

By Apkian J. Brown, Professor of Brewing in the University of Birmingham 

(Communicated by Prof. H. Armstrong, F.R.S, Received January 23, — 
Read January 28, 1909.) 

The seeds of the variety of barley known as Hordeum mdgwre var. 
cm^uleHcens owe their colour to the presence of a blue pigment in the aleurone 
cells ; this pigment, like litmus, is turned red by acids. Such seeds, when 
immersed in a dilute solution of sulphuric acid, if their coverings are damaged, 
soon turn pink in colour, which is a proof that acid diffuses into the endo- 
sperm ; sound seeds, on the other hand, although they imbibe water freely 
from the solution, becoming soft and swollen, retain their colour, showing that 
the covering has the property of resisting the passage of the acid, whilst it 
allows water to diffuse freely into the interior of the grain. So much is this 
the case that a dilute solution of sulphuric acid may be concentrated by 
steeping barley in it. Thus in an experiment with a solution containing 
4‘9 grammes of acid per 100 o.c. it was found that the concentration of the 
acid was increased to 7*6 grammes per 100 c.c. In another case, in which 
the weight of water absorbed was ascertained, it was observed that the con- 
centration effected was in direct proportion to the amount of water absorbed 
by the seeds. 

Having made the discovery of so remarkable a semi-permeable '' 
membrane, I have endeavoured to ascertain its behaviour towards substances 
generally. In my earlier experiments, of which an account has been given 
elsewhere,* it was found that sulphuric acid could not penetrate into the 
grain, not only from volume normal solutions, but also from solutions con- 
taining 9, 18, or even 36 grammes of acid per 100 c.c. In the case of the 
seeds immersed in the strongest acid, however, the interior remained dry, 
presumably because the power of the seed contents of imbibing water was 
insufficient to overcome the osmotic pressure of the liquid. 

The vitality of the embryos was not destroyed by steeping the seeds in the 
acid solutions ; when placed under suitable conditions they all germiBated.t 
When the blue seeds were immersed in a volume nomal solution of 

* ‘Annals of Botany/ vol. 21, p. 79, 1907. 

t Recent observations show that the barley corn displays a most remarkable power of 
withstanding the action of sulphuric acid. A number of blue corns, i.e,^ those containing 
the neutral indicator for acid, were steeped in a volume normal solution of sulphuric acid 
during 48 hours, those corns which showed traces of red after this treatment being rejected 
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hydrogen chloride^ the colour remained unaltered, showing that there is no 
diffusion of acid into the grain. 

Solutions of caustic soda containing 1 per cent, or more of alkali disintegrate 
the seed covering ; this resists the action of the alkali, however, if the liquid 
contain only J per cent., and after steeping seeds during several days in the 
solution, although water diffuses into the grain, no alkali enters. 

Salts such as cupric sulphate, ferrous sulphate, potassium chromate, and 
silver nitrate were all found to be impenetrant substances. 

Up to this point, it appeared that the covering of the seeds was a perfect 
semi-permeable membrane. Using iodine dissolved in a solution of 
potassium iodide, however, observations were made which indicated that the 
membrane possessed the power of selection — iodine was found to pass slowly 
into the seed until after several days it permeated the whole of the starchy 
endosperm, staining it a deep blue colour. That this result was not a conse- 
quence of the destruction of the membrane was proved by steeping seeds thus 
impregnated with iodine in a solution of sodium thiosulphate. So long as 
the seed coverings remained intact the iodine was unaffected, but wimn the 
coverings were ruptured the thiosulphate diffused rapidly into the seeds 
decolorising the iodine. 

At this point my earlier studies were directed to an investigation of the 
nature and position of the particular covering of the seed of jGT, mdgare, which 
acted as the “semi-permeable” membrane. The experiments already 
described demonstrate that the embryo and endosperm of the seeds are 
•enclosed within an envelope through which water and iodine diffuse readily, 
but through which salts and strong acids do not diffuse. As there appeared 
to be no recognised instance in the vegetable kingdom of a membrane other 
than one composed of living protoplasm possessing marked “ semi-permeable ” 
properties, it was obviously desirable to ascertain if the selective permea- 
bility of the seed-coverings were a function of the living tissue. From the 

as faulty. Subsequently, the ooruB which remained blue were steeped continuously in the 
■acid, and observed from time to time, with the following results ; — 


Time 

of steeping. 

Peroents^ of ooms 
remainmg blue. 

8 dsy« 

100 

8 .. 

09 

7 „ 

06 

10 „ 

80 

14 „ 

74 

19 „ 

25 

84 „ 

1 
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first this appeared to be very improbable, as the property was exhibited by 
the seeds in the presence of highly toxic acids and salts, which could hardly 
fail to arrest its vital activity if brought into contact with protoplasm. 
Exj>eriinents made with seeds which have been immersed in boiling water 
during varying periods extending to one hour have afiTorded conclusive 
evidence that the semi-permeability of the seed-coverings is not a function of 
living protoplasm. 

Histological study of the seed-coverings indicates that their selective power 
is confined to the testa, and probably to that portion which is derived from 
the epidermis of the nucellus during the development of the seed. 

It appeared to be very desirable that the coverings should be removed and 
their behaviour studied apart from that of the seed contents. Although this 
has been attempted, the many experimental difficulties met with have not 
been satisfactorily overcome, and hitherto no other means of investigating 
their activity has been found than the somewhat unsatisfactory one of 
experimenting with whole seeds. 


Behavwir of the Seed of H, vulgare as a Semi-perm eMe Syetem pommTig a 

strong affinity for Water, 

When sound seeds of JET, rmlgare are immersed in an aqueous solution con- 
taining a substance which cannot pass through the outer semi-perraeablo 
membrane, and water is absorbed, presumably the seed contents enter into 
competition with the solute for the water. From this point of view, it 
appeared to he important to ascertain to what extent water would be absorbed 
frpm various solutions, and to compare the amounts with that absorbed when 
the seeds were placed in water alone. 

The method adopted in all the experiments to be referred to was as follows : 
— A known weight of selected air-dried seeds, usually about 6 grammes, 
having been steeped in the solution under examination during some desired 
period, the seeds were separated from the liquid by means of a small wire- 
gauze strainer. After draining for a few minutes they were placed between 
the folds of a soft, dry cloth and were rubbed gently to remove as much of 
the adherent liquid os possible ; they were then weighed. It is obvious that 
such a method cannot afford absolute values; but experience shows that 
concordant results may be arrived at without difficulty if all operations in 
connection with draining and drying the seed are carried out in as constant 
a manner as possible, The water absorbed is expressed as a percentage weight 
calculated on the original dry weight of the seeds. 

The results of a series of observations with solutions of common salt con- 
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taining from 2 to 32 grammes of salt per 100 grammes of solution are 
recorded graphically in the aooompanying diagram. 


llouraoC iteeping. 

10 fl 50 40 BO 00 7D 00 90 



It will be noticed that the amount of water absorbed by the seeds when 
equilibrium is established is less the more concentrated the solution, as it 
varies from about 14 per cent, in the case of a saturated solution to about 
41 p^r cent, in the case of a solution containing only 2 per cent, of salt ; 
this latter amount is much below that absorbed when the seed is steeped in 
water alone (over 70 per cent.). 

It should be pointed out that the determinations on which the curves are 
based are affected by an unavoidable error due to the manner in which the 
values are arrived at. Some allowance should be made for the amount of 
. water absorbed by the outer covering of the seeds. It is not possible to 
evaluate this amount very closely ; apparently, however, it may be taken as 
equal to about 8 per cent, of the original weight of the dry seed. Making 
the extreme assumption that the amount absorbed by the outer covering is 
independent of the concentration of the solution, the quantity absorbed by 
the starchy contents of the seed fi'om a saturated solution of salt is only 
about (14 — 8 •») 6 per cent, calculated on the weight of the dry seed. It 
appears, therefore, that the power of the seed contents of attracting water 
from a saturated solution of salt exceeds the osmotic attraction of the latter 
to only a sli^^t extent ; as the “osmotic pressure” of a saturated solution 
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of sodium chloride is about 125 atmospheres, the power with which water is 
absorbed by the seed contents probably corresponds to a pressure somewhat 
in excess of this value. 

Table I contains the results of a further series of determinations, made 
with a variety of solutes, in which seeds of If. imlgare were steeped in the 
liquid until equilibrium was established ; in all cases the solutions wore of 
volume normal strength, i.e., they contained a molecular proportion in grammes 
of the dissolved substance per litre of solution. 


Table I. 


Solute. 

Percentage of water 
absorbed. 

KaOl 

87-4 

KaNO, 

87 -9 

KCl 

87 *1 

KNOa 

40*6 

OUSO 4 

41 *7 

H,804 

37 *8 

Tartaric acid 

42 '2 

Cane-BUgar 

Water (control) ' 

• 30 *3 

74 *8 


Although the various solutes appear to regulate the diffusion of water 
into the seeds in a very similar manner, minor differences are observable ; 
thus, contrasting sodium chloride with potassium nitrate, there is an excess 
of 3 per cent, in the amount of water absorbed from the solution of the 
latter. This small excess was at first regarded as an experimental qirror, 
the method being open to suspicion when small differonoes are concerned ; 
but as all experiments made subsequently with the same salts have consistently 
afforded similar results, there oan be little doubt that the small departure 
is real. Small differences are also noticeable between the values for cupric 
sulphate and tartaric acid in comparison with that afforded by sodium 
chloride. 

As the amount of water present in a voIvim mrmal solution varies from 
substance to substance, experiments were now made with weight normal 
solutions equivalent in strength, prepared by dissolving the solute always in 
the proportion of 1 gramme molecular proportion to 1080 grammes 
(55‘6 molecular proportions) of water. The results obtained are recorded 
in Table II, the values in the last column being those observed when 
equilibrium was established. Altbot^h they are in close general agreement 
with those obtained on using volume normal solutions, small specific 
differences between the salts become apparent, the potassium salt being less 
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Table IL 



Percentage of water absorbed after steeping the seede during — 

Solute, 












2 days. 

4 da^s, 

6 dajs. 

8 days. 

11 days. 

KOI 

31 2 

86 h 

86*0 

37 *3 

88*4 

NaCl 

30-5 

84*2 

36 ‘7 

87-3 

87-2 

NH4OI 

31 ’7 

34*6 

86 ‘4 

as -6 

87 *4 

KNO, 

34, *1 

88 *7 

40*5 

41 *1 

41 *6 

KaKOn 1 

82 -6 

86*3 

37*5 

38*7 

38 *6 

NH4NO, 

82 *8 

86*1 

38 *3 

38 *4 

38*0 

Water (control) 

43*1 

66 *6 

1 

64*1 

68 *3 

70*0 


active in the case both of the chloride and nitrate than either the sodium or 
ammonium salt, which behave alike. 

In Table HI are recorded the results of a direct comparison of the 
behaviour of the seeds towards dextrose and cane sugar in comparison with 
sodium chloride, in weight normal solutions. It will be seen that, although 
distinctly less active than salt, these two substances both inhibit the 
absorption of water to a very marked extent, being about equally effective. 


Table III. 




Percentage of water absorbed in — 


Solute. 












2 days. 

4 days. 

0 days. 

7 days. 

11 days. 

Cane-sugar ^ 

29*5 

34*8 

86*2 

36 *9 

38*4 

Dextrose 

80*2 

85*8 

88 *1 

38 *8 

89*8 

Nad , 

28*1 

81 *9 

84*2 

84 *4 

36 *6 


Selective Permeability of the Seed-coverings of H. vulgare. 

Merourio Salts . — When barley seeds are steeped in a 3-per*cent. solution 
of merourio chloride in water, the salt may be detected within the seed 
covering after a few hours ; after two or three days it is usually found 
diffhsed throughout the whole of the interior portions of the seeds. 

At first it seemed possible that the passage of the salt into the seed 
ought not to be regarded as proof of a selective property of the seed- 
ooverii^, but perhaps merely as an indication that the action of the salt 
destroyed their semi-permeable character. Experiment, however, has proved 
conclusively that this is not the case. When seeds which have been steeped 
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in a solution of mercuric chloride during several days and then dried were 
steeped in a normal solution of sulphuric acid, it was found that the 
coverings still retained their original power of resisting the diffusion of 
sulphuric acid while permitting the diffusion of water into the seed. 

Still more conclusive evidence of the possession by the seed-coverings of 
a differentiating power was furnished by an experiment in which seeds were 
steeped in a mixture of half a volume of a saturated solution of mercuric 
chloride with half a volume of normal sulphuric acid. After three days' 
steeping in this solution the mercuric salt was found to be diffused 
throughout the contents of the seed ; even after five days' steeping, however, 
no trace of sulphuric acid could be found within the seed-coverings. The 
seeds of H, vulgare therefore possess the very remarkable proj)erty of 
absorbing mercuric chloride and rejecting sulphuric acid when steeped in 
a solution in which both are present The exhibition of this property by 
the seeds appears to be of very special interest from a physiological point 
of view. 

To ascertain their behaviour towards mercury salts generally, seeds were 
steeped in solutions of mercuric chloride, cyanide, nitrate and sulphate of 
equimolecular strength. The cyanide diffused as readily as the chloride 
into the seeds, but after several days no trace of mercuric salt could be 
recognised in those placed in the solutions of nitrate and sulphate. Moreover, 
the amount of water absorbed by seeds from solutions of mercuric chloride 
and cyanide did not differ from that taken up from water alone. 

It should be noticed in passing that chloride and cyanide of mercury— 
which diffuse through the seed-coverings — are commonly regarded ar but 
very slightly dissociated in aqueous solution, whilst mercuric sulphate and 
nitrate — which cannot penetrate the membrane — are salts which are supposed 
to be freely dissociated. 

Cddnditm Saltn , — On steeping seeds of H, wlgare in volume normal 
solutions of cadmium iodide, chloride, and sulphate until equilibrium was 
established, the following results were obtained : — 


Table IV. 


Solute. 

Percentage of water 
abiorbed* 

Odio 

S4 *2 

OdSa 


OdS 04 


KaOl (control) 

39 *S 
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It will be noticed that the gain in weight in presence of the iodide is 
markedly greater than in presence of the chloride or sulphate, but that none 
of the salts has ho considerable an efifect as sodium chloride. 

In the case of the seeds steeped in the solution of cadmium iodide — a salt 
which is supposed to be very slightly dissociated when dissolved in water — 
small quantities of the salt diffused through the coverings; cadmium was 
not detected, however, in the seeds whicli had been steeped in solutions of 
either the chloride or the sulphate, which are supposed to undergo dissocia- 
tion to a somewhat limited extent, although to a greater extent than the 
iodide. 

Ac^etic cmd otJur Weak Acids . — On searching for compounds capable of 
passing through the seed-coverings, when it was found that acetic acid 
possesses the property, it at first seemed probable that the acid might be 
capable of destroying the semi-permeable layer of the seed. Seeds were 
therefore steeped in solutions containing both acetic and sulphuric acids or 
acetic acid and cupric sulphate ; in both cases only acetic acid and water 
diffused through the ooveiings. 

Water also passes freely together with the acid into the seeds. The 
results of experiments with a volume normal solution of the acetic acid 
are recorded in Table V ; it will lie noticed that the acid has but a slight 
influence in diminishing the amount of water whicli is absorbed when 
equilibrium is established. 

Table V. 


Solute. 

Peroeutagc of water 
absorbed. 

Acetio acid 

73 *8 

Water (control) 

78 *3 

Sodium aootafco (control) 

39 '8 


On examining the behaviour of the seeds towards organic acids other 
than acetic, it was found that formic, propionic and butyric acids also 
enter the seed system, and that they affect the introduction of water much 
as acetic acid does. 

Glycollic acid, although excluded during about 48 hours, subsequently 
diffuses slowly into the seed. Lactic acid did not enter most of the grains 
until after the lapse of 72 to 96 hours. The amount of water absorbed by the 
seed is diminished more by these acids than by acetic acid, thus ; — 
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Table Yl. 


Solute. 


Percentage of water absorbed during — 


2 days. 

4 dajs. 

7 days. 

9 days. 

10 ^ys. 

11 dfiys. 

Glyoollio acid 

33 5 

43*9 

61 -5 

67 *0 

69 *6 

63 *4 

KaOl ! 

28-2 

31 *9 

84-1 

36 ‘2 

86-7 

36-0 

Water 

40 1 

63 -6 

C8-8 

68 *6 

69-0 

11 days. 

70-8 

13 d»y«. 

.Lactic acid 

37 *4 

45 *1 

62-8 

55 1 

68 1 

01-4 

NaOl 

30-9 

34-4 

36-8 

36-8 

«6‘6 



Trichhracetic Acid . — This acid was chosen on account of its similarity in 
configuration to acetic acid, from which it is distinguished, however, by being 
a strong electrolyte, acetic and the other acids and the salts which dififuse 
through the seed-coverings being all weak electrolytes. 

On immersing seeds in a solution containing 5 per cent, of the acid, it was 
found to enter them very rapidly, so much so that after 48 hours they were 
saturated with it. This result was clearly not duo to any destructive action 
of the acid on the seed-coverings, as when seeds saturated with a solution of 
trichloracetic acid wore immersed in a solution of sodium bicarbonate, the acid 
within the seeds remained unaffected even after the lapse of 10 days. In 
a control experiment, seeds impregnated with acid, of which the coverings 
were intentionally damaged, were placed in a solution of the bicarbonate ; 
this soon entered the seed and in a few hours neutralised the acid. Trichlor- 
acetic acid is the only strong electrolyte which has been found to possess tlve 
property of diffusing into the seed system. 

Ammonia . — ^Tho membrane is more or less injured by exposure of the 
seeds in solutions of ammonia of weight nonnal strength, as acid penetrates 
into the corns after they have been steeped in such a solution. On the other 
hand, when corns which had been steeped in one-half or one-quarter normal 
solutions of ammonia were dried and then exposed in a normal solution of 
sulphuric acid during 48 hours, no acid was found to enter. The velocity 
with which water is absorbed from solutions of ammonia is remarkable, as 
shown by the results recorded in Table VII. 

The ammonia passes into the corns with the water ; on the other hand, 
when the corns impregnated with ammonia are placed in a normal solution of 
sulphuric acid, after 24 hours they are no longer alkaline internally, the 
ammonia having passed out in the reverse direction. 
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Table VII. 



Percentage of water absorlied. 


2 dajs. 

4 

6 days. 

8 days. 

Anunonia— 

Normal solution 

5a *6 

70-1 

74-8 

77-2 

t >t »i 

68 *9 

88*6 

78-6 

74-2 

»t it 

61 *5 

85 '9 

72-8 

72-2 

Sodium chloride (control) — 

Normal solution 

29*4 

82 *2 

S3 *8 

34 *6 

i j» 

82*2 

87*1 

89 *4 

40*4 

i » » 

86*1 

41*7 

46 *7 

48*4 

Water 

1 

48*1 

66 *6 

64*1 

68*3 


Non-eleetrolytes . — As previously pointed out, cane-sugar and dextrose 
resemble the electrolyte sodium chloride in their power of diminishing the 
extent to which water is absorbed by the seed system, and in being unable to 
penetrate the seed-co vexing. 

Experiments made with a number of non-electrolytes of much lower 
molecular weight than the sugars show the behaviour of these to be com- 
paxable with that of weak electrolytes. 

The following table contains the results of experiments with volume normal 
solutions of ethyl alcohol, aldehyde, acetone, and ethylic acetate. For purposes 
of comparison, the results obtained at the same time with water and with 
volume normal solutions of acetic acid (rxjpresenting a freely diffusible solute) 
and of sodium acetate (representing a non-diffusible solute) are given : — 

Table VIII. 


Solute. 

Percentage of 
absorbed. 

Ethyl alcohol 

74-0 

70 6 

72 - 7 

78 1 

73 - 8 

78-2 

89-8 

Aldehyde 

Acetone 

Ethylic acetate 

Acetic acid (control) 

Water (control) 

Bodiutn acetate foontroH 

Boaium , 



The results indicate that water is absorbed by the seed-system from solutions 
of alcohol, aldehyde, acetone, and ethylic acetate approximately os it is absorbed 
frenn that of acetic acid, or when in contact with water alone. 

Very similar results were obtained on using weight normal solutions. 

Experiments in which seeds were placed in contact with alcohol, aldehyde, 
acetone, and ethylic acetate in the anhydrous condition have shown that these 
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Table IX. 


Solute, 

Percentage of water absorbed during — 

2 days. 

4 days. 

7 days. 

9 days. 

11 days. 

Kthyl alcohol 

4S-4 

64 ‘9 

66*9 

68*7 

09*6 

£th)^lio acetate 

63 *9 

70-7 

72-8 

72 -X 

71 *8 

Acetic acid 

63 *3 

67^0 

68*8 

68*6 

68*0 

Water (control), 

46 ‘0 

66*6 1 

1 66*6 

68*9 

70*6 

NaOl (control) 

80-9 

84-4 j 

86 *8 

86*8 

36 *6 


substances do not diffuse through the seed-coverings in the absence of water, 
although they all diffuse readily into the interior of the grain from their 
aqueous solutions. 

It is also interesting to note the manner in which the velocity with which 
the different solutions are absorbed varies. The solution of ethyl alcohol 
enters comparatively slowly, at about the same rate as pure water ; that of 
acetic acid enters more rapidly ; whilst the rate of entry of the solution of 
ethylic acetate is markedly the most rapid of the three. Nevertheless, 
despite the differences of velocity, equilibrium is established between the 
seeds and the three solutions at approximately the same point. 

A further series of observations with solutions of non-electrolytes are 
recorded in the following table : — 


Table X. 


Solute. 

i 

Percentage of water 
absorbed. 

Glycerol 

41 *6 

41 *8 

Glycine 

Urea 

45*5 

Sthylene glyool. 

62*7 

Sodium chloride (control) 

Water (control) 

86*6 

30*5 



The results obtained with glycerol and glycine resemble those afforded 
by cane-sugar and dextrose (see Table III), but differ very markedly from 
those obtained with such compounds as alcohol and acetic acid. The 
beliaviour of glycine or amino-acetic acid is particularly interesting, as this 
compound differs to so slight an extent in constitution from acetic add. 
Urea and ethylene glycol have less inffuenoe than either glycerol or glydne ; 
glycol, however, although it differs to so slight an extent from alcohol in 
constitution, is far more effective in preventing the entry of water. 
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Bumvmry of Condmions . — The investigation of the selective properties of 
the semi-permeable seed-coverings of IL imlgare described in this paper should 
be regarded as pioneer work only ; much further study is required in order 
to explain the varying actions of the seeds in the presence of different solutes 
in aqueous solution. 

At present, the general trend of the evidence tends to show that solutions 
of the solutes which diffuse readily through the seed-coverings differ in some 
essential manner from solutions of non-diffusible solutes, although the nature 
of the difference remains unexplained. The results of some of the earlier 
experiments described above appear to support the view that the property of 
diffusiojj^^ intimately associated with a low degree of “ ionisation " of the 
solute ; yet the conspicuous instance which has been noticed of the ready 
diffusibility of trichloracetic acid, a highly “ionised" acid, tends to show 
that such correlation, if it exist at all, is not an intimate one. Further, the 
view does not appear to be favoured by those experiments which have 
demonstrated that certain non- electrolytes, such os ethyl alcohol, are readily 
diffusible, whilst others, such as glycerol, are non-diffusible. 

In connection with the same question, it seemed possible that differences 
in the surface tension of solutions of diffusible and non-diffusible solutes 
might perhaps be associated in some way with the different behaviour of the 
two classes of solutions towards the seed-coverings; but it* appears from 
a study of the surface tensions of the two classes of solutions that there is 
no such intimate connection between them. Neither can any izidication be 
found that viscosity is associated with the manner in which diffusible and 
non-diffusible solutes behave differently towards the seed-coverings. 

The only explanation of the observed difference in activity of the two 
classes of sokitions which at present suggests itself as a working liypothesis 
is, that some unrecognised peculiarity in the manner in which the molecules 
of the two classes of solutes are combined with the molecules of the solvent 
water may constitute the factor which orders their different behaviour with 
respect to the seed-coverings. This hypothesis appears to be supported by 
the experiments which demoustraj^o that, wliereas readily diffusible solutes 
enter the seed together with a large amount of water, seeds placed in 
solutions of non-diffusible solutes absorb water with some didiculty. 
Moreover, the observation that an aqueous solution of alcohol diffuses 
readily through the seed-coverings which are impervious to this solute 
in the anhydrous state, appears to show that some form of combination of 
solute and water is necessary to condition diffusion of the solute througli the 
seed-coverings. 
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By Henky E. Abmsteong, F.E.S. 

(Received January 23, — Read January 28, 1909.) 

I have had the privilege of following the progress of the inquiry of which 
on account is given by Prof. A, J. Brown in the previous communication and 
of watching the development of the exquisite and in valuable method of study- 
ing the osmotic process which he has devised ; I trust that I shall not be 
presuming if I discuss the results which he has arrived at and attempt to 
interpret them in the light of views already placed before the Society in ray 
communication on “ The Origin of Osmotic Effects and in the series of 

Studies of the Processes Operative in Solutions.^'t 

Prof. Brown’s observations appear to bo extraordinarily significant, as 
affording the means of dividing substances broadly into two classes accord- 
ing as they will or will not diffuse through a membrane such as that which 
forms the outer covering of the seed of barley'(/ii>rtfew?u mlgare) and with the 
aid of the classification thus secured of arriving at an explanation of the 
selective process. 

Inasmuch as the barley grain contains but a small amount of soluble 
crystalloids, the absorption of water by the grain may be regarded as mainly 
conditioned by the extremely minute granules of starch enclosed wifcliin it ; 
presumably these have great attraction for certain molecules in the liquid 
and become coated superficially therewith. From this point of view the 
method developed by Prof. Brown involves the study of a struggle for hydrom 
between a mass of fine particles of solid and the solution of a substance 
present in the liquid state in solution in water; the observations are the 
first of their kind, I believe. 

It is clear, although the method affords only approximate results, that the 
conclusions to be deduced os to the relative " concentrating ” etficienoies of 
the several solutes are in general accordance with those arrived at in other 
ways. The observations made in my laboratory show that chlorides are more « 
active than nitrates in solution and thafr sodium salts are more active than 
either potassium or ammonium salts— more active, that is to say, in the sense 
that they exercise a greater concentrating effect ; this is precisely the result 
arrived at by Prof. Brown, 

No division of the substances into electrolytes and non-electrolytes can be 
made in any way corresponding to the extent to which water is absorbed 
♦ ‘Boy. Boc. Proc./ 1906, A, vol, 78, p. 264. 

f lUd., p. 272 (I) ; II-V, vol. 79, 1907, pp. 564-^697 ; vol. 81, 1908, 

pp. 80—140. 
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from the solutions by the grains — cane-sugar is nearly as active as common 
salt. In like manner, not only are strong acids and most salts indiffusible 
through the membrane covering the grain but also not a few non-electro- 
lytes; the membrane is slowly permeated by certain weakly oxygenated 
organic acids, by salts such as mercuric chloride and cadmium iodide, by 
iodine, by ammonia and by a number of non-electrolytes of low molecular 
weight. 

The compounds which penet.rate the membrane, whether electrolytes or 
non-electrolytes, are all substances which attract water pi-esumably only to 
a minor extent and which exist to some extent in solution in an unhydrated 
condition ; those which cannot penetrate it, on the other hand, probably all 
form hydrates of considerable stability in solution. 

I picture surfaces generally, colloid surfaces in particular, as not merely 
wetted by water but as more or less hydronated and hydrolated — using these 
terms in the specific sense explained in No. VIII of my “ Studies on 
Solutions ; that is to say, they are not merely wotted by water complexes* 
but associated with hydropic, the simple fundamental molecule of which water 
is composed. The intramolecular passages in a colloid membrane, if thus 
hydrolated, would be guarded by the attached hydrono molecules ; molecules 
in a solution bathing the membrane which attempted to efl'ect an entry 
through such passages, if hydrolated, would be seized upon and held back in 
virtue of the attraction which the two hydrolated surfaces — *that of the 
membrane and that of the solute — would exercise upon one another. The 
hydrolated passages, however, would be iiidiflerent to molecules which were 
not hydrolated — consequently, a substance such as acetic acid, of which 
probaWy only a small proportion is present in solution in the hydrolated 
state, would j^adually pass through them. 

The apparently exceptional behaviour of trichloracetic acid, which must be 
more fully if not more firmly hydrolated than acetic acid, is very striking and 
may be taken as proof that the hydrolation must extend over a certain area 
to secure protection against ^penetration ; it should be noted, however, that 
ttfie result is in accordance witli the behaviour of the acid as a substitution 
derivative. Hydroxy- and amino-acetic acids (glycollic acid and glycine), 
which are far weaker acids, are nevertheless far less easily diffusible — pre- 
sumably because not only the carboxyl group of the acid but also the adjacent 
hydroxyl- or amino-group is hydrolated. The behaviour of glycol, CaH4(OH)2, 
in comparison with that of alcohol, CaHfi(OH), may be interpreted in a similar 
manner. The concentrating effect exercised by the sugars has already been 

♦ Compare ^Chemical News/ Jan. 15 and 22, 1909, pp. 28 and 37 j ‘Science Progress,* 
Jan., 1909, No. XI, p. 484. 
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considered from this point of view in our previous ** Studies *' (VIII, 
pp. 111/112; X, p. 180). 

The exceptional rapidity, to which Prof. Brown directs attention, with 
which ethylic acetate acts in promoting the entry of water into the grain is 
also easily explicable from the same point of view. Entering together with 
water, it should render water within the grain more active and more attractive 
of external water (by promoting its dissociation, (HaO);r — ^'HaO) than the 
water would be which entered alone from a solution of an indiffusible solute, 
as in stich water (on account of its homogeneity) the osmotic stress would be 
at a minimum.* 

It is obvious that the ai^ument now put foiward may be applied to the 
discussion of a great number of more or less obscure physiological phenomena. 
It may be desirable to consider the rise of the sap in*treo8 from such a point 
of view. The argument affords an explanation of the well-known efficacy, 
for example, of mercury salts, of iodine and of alkaloids as drugs. It should 
point the way to the production of medicaments adjusted to their purpose — 
according as it is desired that they slmuld penetrate this or that membrane. 
It may lead to the discovery of a method of using stains as the means of 
determining whether this or that membrane or layer in a cellular tissue is 
to be regarded as a mere sieve or as differentially penetrable, inasmuch as 
stains — which hitherto have been used all but empirically — must vary gi’eatly 
in penetrative power and it should be possible to grade them, according to 
their diffusibility, by observations similar to those made by Prof. Brown. 

* [February 15, ISOU.—Atteiition has been specially drawn in No. VIIJ of our Studies 
(p. 108) to the behaviour of methylic acetate as a weak hydrolyte iu comparison with the 
strong hydrolyte cane-sugar ; the observations now under discussion appear te- afford 
complete confirmation of the argument there put forward that in discussing the phenomena 
of hydrolysis it is necessary to take into account not only the condition of the medium 
but also the nature both of hydrolyte and of hydrolyst, which are reciprocally concerned 
in the cliange. The argument shmdd be extended to colloid and other surfaces. Sir 
James Dewar has shown that solids differ greatly in their power of attracting and holding 
gases at low temperatures ; hydrolytes and dissolved substances generally, we must 
suppose, also differ in the extent to which they undergo ** hydration ; wetted surfaces 
generally must also differ in the extent to which they become hydrolated ; consequently,' 
it is to be supposed that more or less considerable variations will be met with when 
differential septa are studied comi>aratively, Apparently the barley septum is not 
penetrated even by ammonium chloride, so that it is more exclusive than that of red 
blood cells, which are rapidly penetrated by this salt but scarcely if at.all by ammonium 
sulphate. The difference l>etwoeri ammonium cldoride and ammonia ie very striking, the 
latter renenibling ethylic acetate in passing rapidly into the seed and in promoting the 
ingress of water ; this behaviour is easily understood, as it exists in solution partly iA 
the free state and pai'tly, it may be supposed, as the by drone il^N : OH,, the hydroxide 
being present in only very small proportion. If ammonia were contained in solution os 
the hydroxide, its behaviour would undoubtedly be that of caustic soda.] 
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On the Determination of a Coefficient hy which the Rate of 
Diffusion of Stain and other Substances into Living Cells can 
be Measuredy and by which Bacteria and other Cells may be 
Differmtiated. 

By Hugh C* Rosb, late Surgeon liN., Pathologist to the Royal Southern 

Hospital, Liverpool. 

(Communicated by Major Ronald Roas, C.B., P.R.S. Received December 9, 
1908, — Read February 11, 1909.) 

[Plate 3,] 

In former papers (3, 4, 6) it has been shown that when blood is spread 
upon a film of agar jelly which contains Unna’s stain and certain salts, the 
cells will absorb the stain, and that the absorption increases with the tempera- 
ture and the time during which the cells have been resting on the film. The 
following facts have also been published : — (1) That alkalies, like heat and 
time, increase the diffusion of stain into the cells ; (2) that acids and matral 
salts delay the diffusion ; and (3) that the staining of the nuclei of leucocytes 
is a sign of death. Soon after death the staining ceases, and the cells rupture 
or lose their stain. 

Evidence has also been given that these phenomena are due to the diffusion 
of stain into the jelly-like cytoplasm being hastened or delayed, as the case 
may be, by the agency of these factors, and that death, coincident with the 
staining of the nucleus, is followed by liquefaction of the cytoplasm and 
‘ other changes which cause the cells to lose their stain and enter a phase which 
has been called the condition of aohromasia (6). 

I have made further investigations in this subject, and have ascertained 
that if the constituents of the agar film are arranged in a constant manner 
and the other factors are constant, the staining of the cells will be constant 
^ provided that the latter are in the same healthy condition when placed on 
the agar. It has also been found that when one class of blood cell stains on 
a given agar film, others do not. By altering one or more of those factors 
which hasten or delay diffusion of stain into the cytoplasm, that class of cells 
which previously refused the stain will now absorb it. Therefore the rate of 
diffusion of stain into the cells differs with the class of cell. Cells other than 
blood cells, especially bacteria, have also been tried and have been found to 
be subject to the same conditions; and it has been possible, by altering the 
arrangement of the factors, to differentiate cells by their rate or coefficient of 
diffusion. The object of this paper is to give methods by which the coefficient 
iron. Lxxxi.— B. h 
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of difiusion of living cells can be obtained, and the differentiation accom- 
plished. 

Schenve of the Method employed . — The cells to be tested are placed on a film 
of jelly on a slide. The film is prepared from a test-tube which contains 
10 c.c. of jelly. The 10 c.c. of jelly contains, besides stain, some of the factors 
such as alkalies, acids, and mlts, which hasten or delay the diffusion of stain 
into the cells. In order to simplify matters, I measure these factors in units 
and 1 endeavour to arrange them in such a way that 1 unit of any one factor 
is equal in value, as regards hastening or delaying diffusion, to 1 unit of any 
of the other factors. The factor heat, which hastens diffusion, is applied after 
the cells have been spread upon the film by keeping the slide at various 
temperatures for various periods of time. This factor, as well as that of time, 
is also arranged in units, so that 1 unit of either of them is equal in value 
to 1 unit of the other factors contained in the agar. Hence if 1 unit of a 
given substance delays diffusion of stain into a cell, the delay it causes can 
be exactly neutralised by the addition, either to the agar or to the slide, of 
1 imit of a factor which hastens diffusion. 

Consequently an equation is formulated by means of which the total 
number of units which, with a certain amount of stain, will cause given, or 
stipulated, staining of the cells, is equivalent to, or said to be equivalent to, 
their coefficient of diffusion. Therefore to find the coefficient of a cell, it is 
necessary to prepare films from a succession of tubes of 10 c.c. of jolly, each 
tube having a certain, known, number of units added to it, and to examine 
each film until the stipulated staining is obtained. Since the units are equal 
in value, it matters little, within reasonable limits, which factor is added, 
provided that the total number of units is known. Then, after subtraction' 
of those units which delay diffusion, the remainder added to the quantity of 
stain is the coefficient of diffusion of the cell experimented with. 

Conversely, if the coefficient of diffusion of a cell is known, one is enabled, 
by means of the equation, to know how many units of one or several of the 
factors it is necessary to add to the jelly, or apply to the slide, to obtain 
stipulated staining of that variety of cell in a given time. I have mentioned 
that the staining of healthy cells, only, appears to be constant. When the 
rate of staining of cells of persons suffering from disease has been found 
experimentally, the equation indicates in a moment the difference between 
the coefficients of healthy and diseased cells, and this difference can be 
expressed in grammes, degrees, or minutes, etc., according to the nature 
of the factor into which the coefficient of diffusion may be ultimately 
resolved. . 

Defimtiom , — ^When a film of agar jelly contains stain and other substances, 
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its Index of Diffusion (/^c) may be defined as the sum of its constituents 
which delay diffusion subtracted from the sum of constituents which 
accelerate diffusion added to the quantity of stain contained in the jelly. 

The Coefficient of Diffusion (r/) of a cell is that index of diffusion phis the 
time and temperature requimd to cause staining of the nucleus, or staining of 
the cytoplasm in unnucleated cells red corpuscles), when the specimen is 
prepared by a standard method. 

StaTtdard Method of Pr(^aTation.~Tlh\s consists in: (1) Mixing the cells 
with a neutral solution containing 3-per-cent, sodium citrate and 1-per-oent, 
sodium chloride.* If blood is experimented with, it is mixed with an equal 
volume of the solution. In the case of bacteria and other cells, the mixture 
is made as oonvenientf (2) The mixture is then placed on a cover-glass, 
which is inverted and allowed to drop fiat on a film of agar jelly containing 
Unna^B stain and salts, and which, after boiling, has been allowed to set on a 
elide. Since the surface of the film is convex, the solution spnmds to the 
periphery of the cover-glass, leaving the cells gently pressed out between the 
glass and jelly, and this affords an excellent means of examination by the 
microscope.}: Only the cells in the centre of the preparation should be 
examined* 

It is stipulated that the jelly contains stain, but the amount of stain added 
to the agar may be variable. The chemical nature of methylene blue may or 
may not affect diffusion. The point is difficult to determine accurately, but 
in this procedure it is of little importance, because the stain employed is 
always the same, namely, Unna's polychrome methylene blue (G rubier). On 
the other hand, it is obvious that the more concentrated it is — that is, the 
more stain there is in the 10 c.c. of jolly, the more rapidly, ceteris parihm, 
will the cells stain. It is also obvious that the effect of an increase of the 
concentration of the stain can be neutralised by the addition of one or several 
factors which delay diffusion. Consequently I also measure the stain in 
units, BO that an increase of its concentration by 1 unit can be neutralised 
•by the addition of 1 unit of a factor which decreases diffusion. § 

* Merck’s reagents have been used throughout these researches. 

t The mixture of the cells with this solution is nierely used as a vehicle to keep them 
alive. As the solution spreads to the periphery of the cover-glass, it does not materially 
influence the diffusion of stain from the agar, a point which has been tested experi- 
mentally by rendering it alkaline. The cells, however, should not be kept in it longer 
than necessaiy* 

X Tlie suggestion of mixing stain with the jelly was made to me, as already noted 
elsewhere, by my brother, Prof. Konald Ross. 

§ Unna’s polychrome methylene blue is only supplied in solution, which is standardised. 
It cannot be mi^e in a powder. 

H 2 
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Convenient Metluul of Preparing the 10 c.c. of Jelly . — I have found it more 
accurate and simple if the factors which hasten or delay diffusion are added 
to the jelly from standard solutions, and I make the tubes of 10 c.c. of jelly 
as follows: — 60 c.c. of a 2-per-cent, solution of powdered agar in water, 
filtered and sterilised, is prepared. This solution has such a consistency that 
another 50 c.c. of water could be added to it without preventing it from 
setting on a slide when cold. 

Since I have shown that blood cells will not live on agar jelly unless it 
contains a combination of sodium citrate and sodium chloride (3, V), I add to 
the 60 c.c. of jelly 1 gramme of sodium citrate and 0*8 gramme of sodium 
chloride, and accurately neutralise to litmus with citric acid. The whole is 
then rendered acid by the addition of 0*083 gramme of citric acid. The 
reason for this will be given in the next paragraph but one. 

The molten jelly is then decanted into test-tubes, each of which contains 
6 C.C., so that it is possible to add the stain and certain quantities of the 
standard solutions which contain the factors to these tubes, and provided the 
total quantities of the several solutions added do not cause a tube to contain 
more than 10 c.c. of jelly, its ultimate setting on a slide is assured. The 
standard solutions aro so arranged that their total quantity required in an 
experiment never does exceed 5 c.c. On the other hand, if the amount is 
less than 6 c.c., the balance up to the maximum in the tube of 10 c.c. is 
made up with water. In other words, a test-tube or^inally contains 6 c,c. of 
jelly which is acid and holds a certain quantity of salts in solution. The 
stain and quantities of the standard solutions, which correspond to the 
number of units of factors which it is intended to try, are added. The total 
content of the tube is then made up with water to 10 c.c. and boiled. So 
that a test-tube never contains more nor less than 10 c.c. of jelly when a film 
is prepared from it, though it may contain a variety of units of stain and 
standard solutions. 

I have stated that the agar is rendered acid at the outset ; this is done to 
reduce the number of factors. Acids and alkalies delay and accelerate 
diffusion respectively. Since they neutralise each other, the neutral point 
would also have to be taken into consideration. As this would complicate 
the equation, I render the agar acid at the outset, so acid that I cannot get 
any cell to stain on it with 1 unit of stain, and deal only with alkali. The 
neutral point I ignore, although by knowing the initial acidity of the agar, 
and tliat the units of all the factors are equal, the point can be readily 
determined by referring to the equation. I therefore deal with one factor, 
alkali, instead of two and a neutral point. 

To recapitulate shortly : 50 o.c. of a 2-per-cent, solution of agar is prepared 
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which contains 1 gramme of sodium citrate and 0*8 gramme of sodium 
chloride. It is neutralised and rendered acid with 0*083 gramme of citric 
acid. It is then collected in quantities of 5 c.c. In order to determine the 
r/ of a cell, a tube of 5 c.c. is melted and certain quantities of stain and 
standard solution of alkali added. The content of the tube is then completed 
with water up to 10 c.c. Consequently the tube contains 1 per cent sodium 
citrate and 0*8 per cent, sodium chloride in additfon to the acid, stain, and 
alkali, and this content of salts allows leucocytes to live on the jelly. The 
whole is then boiled until it froths up the tube and a film prepared from it 
by pouring a drap on a slide and allowing it to set. The cells are placed on 
to the film and the slide is kept at a convenient temperature for a period of 
time. If the nuclei or cytoplasm are not yet stained, a Mgher teinj^er^ature 
may be tried combined with a longer period of time, or a fresh tube prepared 
with more units of alkali added, and so on until staining is obtained. Should 
the contents of a tube cause the cells to stain very deeply, or if they soon 
become achromatic, a fresh tube is made containing less stain, or more salts, 
or less alkali, or acid may even be employed, and so on. But provided the 
arrangement of the contents of the tul>e which just causes staining of the 
nuclei is known, and if the time and temperature are also known, the 
equation will give the required. 

UnitH , — In preparing these units I have mainly considered their practical 
application in the endeavour to curtail the procedure as much as possible. 
In the instance of alkali and salts, I give the actual amount in grammes 
which 10 c.c. of jelly should contain as 1 unit I also give a convenient 
standard solution and the amount of it in cubic centimetres to be contained 
in the 10 c.c. of jelly to constitute 1 unit 

Alkali, Sodium Bicarbonate, hastens diffusion. — Unit, 0*006 gramme. 
Standard solution 5 per cent, unity being 0*1 c.c. It is convenient to 
remember that this solution is neutralised by a 4'176-per-cent, solution of 
citric acid, and that 1 unit of alkali is neutralised by 0*1 c.c. of such 
a Bolution, Since the agar at the outset is acid to the extent of 
0*083 gramme to 60 c.c., a tube of 10 ex,, made up as described, must 
contain 0*0083 gramme of acid. This is exactly neutralised by 0*2 ox. of 
the standard alkali solution ; that is, the agar at the outset, before any stain 
or other factor is added, delays diffusion to the extent of 2 units. Or, the 
addition of 2 units of sodium bicarbonate will render the agar neutral. 

Sodium Citrate, delays diffusion. — Unit 0*03 gramme. Standard solution 
10 per cent, 0*3 c.c. being unity. Since 50 cx. of agar contains 1 gramme at 
the outset, tbet 10 c.c. of jelly may be said to contain about 3 units. 

Sodium Chloride, delays diffusion. Unit 0*08 gramme. Standard solution 
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10 per cent, unity being 0*8 c.c. The 10 ac, of jelly contains this from the 
outset. 

Heat, hastens diffhsion. — Each unit 5° C. 10° C, is unity, 16° C. is 
2 units, 20° C. 3 units, etc. For practical purposes I call 37° C. 7 units. 

Time, increases diffusion. — 10 minutes being 1 unit, 20 minutes 2 units, 
and so on. 

Stain, Unna's polychrome methylene blue (Grubler), behaves as if it 
increased diffusion.* — Unit O’l o.c. 

Equations for ascertaining the CoeficUnt of Diffusimt. — The nuclei of poly- 
morphonuclear leucocytes recently shed from a healthy person, just stained 
in 10 minutes when resting on a film of agar, 10 c.c. of which contained 
0*2 0.0* of stain, 1 per cent, sodium citrate, 0*8 per cent, sodium chloride, and 
6 units of sodium bicarbonate. The slide was kept at a temperature of 
37° C. What was their coefficient of diffusion ? 

Then that fx^h-^t which just causes staining of the nuclei, 

but fx = (s H- a) — (e, 4- 7i ) ; 

.*. c/= (25+ 6a) + (7A + 0-(3r'+?0 = 10-4== 12. 

Where 5 is the unit of stain, a the unit of alkali, h the unit of heat, t the 
unit of time, c the unit of sodium citrate, and n the unit of sodium chloride. 

The 10 c.c. of agar in tliis case was made up as follows : — 6 c.c. from the 
original 50 c.c. of agar which contained sodium citrate 1 gramme, sodium 
chloride 0*8 gramme, and citric acid 0*083 gramme. The jelly was melted 
and the following quantities of standard solutions added: 0*2 c.c. stain, 
0*6 C.C. 5-per-cent, solution of sodium bicarbonate, and 4*2 c.c. water. 
Total 10 c.c. 

The eosinophiles, however, did not stain under quite the same conditions 
for it was found in the foregoing experiment that they were either aclmomatic 
or ruptured. A fresh tube was made with 1 unit less alkali, when it was 
found that the eosinophiles would just stain in 10 minutes. What was 
their cfl 

cf * (25+ + 7/^+ (36‘+ « 11, 

The lymphocytes, large and small, required 0*2 c.c. of alkali mom than the 
polymorphonuclear cells, the other factors being as before, what was their r/? 

c/=s (25+8a+7/^ + 0-“(3c+^^) = 14. 

The foregoing tubes contained a very low content of stain, the chromatin 

* Ab already pointed out, atain should not be a unit of difihsion, for it ia doubtful 
whether it affects diffusiou. It contains salts, and is alkaline when made, and alkalies 
and salts am antagonistic. However, for reasons already given, it may be included In 
the category. 
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network stained better if its concentration was increased. In order to obtain 
staining of the nuclei of lymphocytes in 10 minutes on agar from a tube 
which contained 4 units, instead of 2 units, of stain, the amount of alkali 
added was of course less in proportion to the increased concentration. With 
4 units of stain, the other factors, except alkali, being as before, the equation 
now stood as : — 

cf = (4s-f + + + = 14- 

The red corpuscles appear to have a very liigh cf. I caused them to stain 
on agar which contained 1 c.c. of stain (10 units) and 11 units of alkali, in 
the presence of l-por-cent. sodium citrate an<l 0'8-por-cent. sodium chloride 
at 37° C. in 10 minutes. This was the equation : — 

r/=(10.s+lla4-7^4-O-“(36‘ + n)=: 25.» 

Examples, — A growth of staphylococci had a cf of IG. 

How much alkali must 10 c.c. of jelly contain to cause the germs to 
stain in 10 minutes if the jelly already contains 5 per cent, of stain, 1*5 per 
cent, sodium citrate, and 0*8 per cent, sodium chloride, when the slide is 
incubated at 37° C. ? 

a = (160/4* 4*5c4’n)— (55-f 7A + 0» 

a = 8*5 units, or 0*0425 gramme of sodium bicarbonate. 

A strain of typhoid bacilli had a c/* of 21. A tube of agar contained 6 units 
of alkali solution and the usual quantities of sodium citrate and chloride. 
How much stain should be added to the tube to produce staining of the 
bacilli in 20 minutes at 37'^ C. ? 

s (21// 4" 4* 4* 7/!- 4* 

s 10 units of stain, ix,, 1 c.c. 

* I do not think this is strictly accurate, for it depends on the coloration of the 
stroiDA. Nucleated red cells have a comparatively low cf resembling that of the poly- 
morphoxiuclear cells, though I am also doubtful of this point, because I have only been 
able to obtain these nucleated cells from persons aulfering from disease, and, as I have 
already shown (8), all the blood cells in chronic illnesses^ especially phthisis, malaria, and 
Hodgkin’s disease, have so far shown a general fall in their coefficient of diffusion, 
* Again, attention may be drawn to the comparatively low cf of the granular erythrocytes 
which constitute about 1 per cent, of all the red cells in healthy blood as demonstrated 
by this method of examination (1). The rate of staining of the granules is about the 
some as those of the polymorphonuclear leucocytes, but the rate of staining of the stroma 
of these granular cells is much higher than that of their granules, yet lower than the rate 
of staining of the stroma of ordinary erythottytes. This fact is the more interesting, 
because it is almost in these granular i*ed cells alone, which have a low cf that “ red 
spots ” are to be seen, altlmugh I have on three occasions seen them in ordinaiy led cells, 
and the spots appear to be dependent on diffusion (4), These cells also become achromatic 
more readily than ordinary erythrocytes. The granules have bean described (1) as the 
remains of a nucleus. The question, therefore, of the of of the rod cells I will leave for 
the present as indicated. 
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Frecautiom , — As regards life and Death : In a previous paper (3) it has 
been shown that the staining of the nuclei of leucocytes, when examined by 
this method, is a sign of death, and that the nuclei of dead cells will stain, 
ceteris paribus, before those of living cells. Consequently all the experiments 
given in the present paper have been made with fresh normal cells, and in 
the case of micro-organisms with cultures not more than 48 hours old. It 
may also be mentioned that the liquefaction of the cytoplasm which occurs 
after death materially alters the conditions of staining of leucocytes, and that 
the e/ of living blood cells falls gradually after the blood has been shed. The 
fact has already been mentioned that in chronic wasting diseases the coefficient 
of blood cells may be very low,* 

As regards Excess of Alkali causing rapid death and liquefaction of the 
cytoplasm with consequent prevention of staining (achromasia) : The 
addition of excess of alkali may cause death, staining of the nuclei 
liquefaction, and the loss of stain on the part of the cells (3, 6). This 
may occur before a preparation can he focussed, in which case the colls 
appear unstained and will refuse to stain, no matter how much more stain 
or alkali are tried. Therefore it is better to begin with a low index of 
diffusion and to try tube after tube, each containing a little more alkali, until 
staining is obtained. Further, the amount of sodium bicarbonate should 
not exceed 20 units, because, as has already been pointed out in a former 
paper (3), if added to excess, it may act as a neutral salt and delay diffusion. 

As regards Deficiency of the Salts sodium citrate and sodium chloride : If 
the jelly contains no salts, the blood lakes and the leucocytes are killed 
outright. If it contains sodium chloride only, the cells are killed rapidly, and 
the same may be said if sodium citrate only is employed (7). In examining 
blood, therefore, the combination is essential. 

As regards Excess or Deficiency of Heat : A temperature above 40*^ C, may 
allow the cells to diffuse through the agar (2). A temperature below 15® has 
not been experimented with, because, even at a temperature of 20® C., it 
requires a minimum of 3 units of stain to cause staining of the nuclei of ^ 
leucocytes in spite of the addition of a large amount of alkali, for the alkali 
is not sufficient, per se, to cause the ceils to absorb sufficient stain to colour 
the nuclei unless the stain is concentrated. 

As regards excess of Time : A period of more than half an hour has not 
been employed for fear of death and liquefaction of the cytoplasm, for the 

* 1 have found that the life of leucocyte* of person* suffering from some chronic 
disease*, when bathed in their own plasma, is considerably shorter than the life of 
healthy persons^ leucocytes bathed in their own healthy plasma (8). I have reasons for 
believing that there is an association between this and a low c/ 
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cells may die aud become achromatic before there has been time for sufficient 
stain to diffuse into them to cause staining of the nuclei, in which case, of 
course, the cells will never stain. 

As regards Excess of Stain : More than 10 units of stain may cause pre- 
cipitation of the agar as the film cools on the slide, and the precipitate carries 
some of the stain down with it, vitiating the results, for it has been shown 
that agar is not very soluble in cold stain (3). 

As regards Examination r The observatioxt of cells floating near a bubble 
under the cover-glass should be avoided. The fact that blood cells in such 
a situation will stain before others has already been noted (3). I consider 
this to be due to these cells floating in a small quantity of alkaline citrated 
plasma collected round the bubble. 

Consequently the experiments have all been made within the compass of 
the above restrictions. So far no cells, whether blood, bacteria, or other colls, 
have been met with which would not give a coefficient of diffusion by this 
method. It may also be advised that when unnucleated cells contain granules 
in their cytoplasm, the staining of the granules gives a more constant rate 
than the staining of the cytoplasm. By this means it is seen that the cf of 
the blood-plates is identical with that of the polymorphonuclear cells. 

The Comtnieiion of other UniU. — It may be necessary to add other 
substances to the jelly to test their effect on cells. For instance, it may 
be useful to try other salts, in which case their rate of antagonism to diffusion 
must be found and a unit made. This may be done by comparing their 
action with that of a unit of one of the other factors, after which the new 
unit may be added to the equation. In the case of sulphate of atropine, it 
was found that a tube of 10 c.o. of agar, which had a correct fx to cause 
staining of lymphocytes in 10 minutes, but which also contained 
0*013 gramme of sulphate of atropine, required the addition of 1 more 
unit of alkali to cause the nuclei to stain in 10 minutes. Consequently 
the unit of atropine sulphate may be said to be 0*013 gramme. 

Ths LdermiwUion of the Coefficient of DiffvMon of Leucocytes involves 
itoA.~Smce the staining of the nucleus is the moment by which the cf of 
leucocytes is obtained, and since the staining of the nucleus is a sign of 
death (3), the cells are necessarily dead at the expiry of the time involved in 
finding their coefficient. 

The Becomiliation of their CoeffwUni of Diffhmion to Cells which may he 
Alive at the Tmminaiion of the Time required, — It has been shown that 
leucocytes will live for a considerable period and show amoeboid movement 
with their granules stained (3, 5). If 1 digit is subtracted from their ^ and 
the jelly arranged according to such an equation, the granules but not the 
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niiolei will stain in the given time. By this means death is not necessarily 
involved. 

Example to show that the Biffwsion of Snhstances other than Stain may be 
JDepeifident on the Coefkuni of Diffn^on of Cells , — Given eosinophiles have 
a f/ of 11. They are resting on agar which contains the usual quantities of 
sodium citrate and chloride, viz., 3 and 1 units respectively, but it also 
contains 0*02 gi*ammo of sodium bicarbonate (4 units), 0*6 c.c. of stain, and 
0*007 gramme of atropine sulphate. The fact that a mixture of atropine 
and methylene blue will excite a remarkable exaggeration of amoeboid move- 
ment in leucocytes has already been published (5), How long will it take 
to produce marked exaggerated movements in the given eosinophiles at 
a temperature of 20° C. ? 

Then, since it is necessary for the given cells to be alive at the expiry of 
the time required, 1 digit must be subtracted from their cf — 

t = (10r/-f3r4-7i-f 0*55;)— (6s-f 4tt-f 3//), 

= 1*5 units of time or 15 minutes. 

Where z is the unit of atropine sulphate, 0*013 grauime. A 1-per-cent, 
solution was found convenient as a standard, and 0*7 c.c. was used. 

The Coefwieni of Diffusion may be resolved into the Value of a7iy om of the 
Units , — Since by the foregoing equations any one of the units can be 
resolved into the value of any one of the other units which go to make 
the fx, and since 2 = 6 /, therefore any cf can be expressed in the . 

value of any of the units ; into alkali for instance. But the unit of alkali is 
5 milligrammes of sodium bicarbonate. Consequently the coefficient of 
diffusion of the bacteria contained in the growth of Baxillns typhoms, used in 
one of the examples, may be said to be equivalent to the alkalinity of 
106 milligrammes of sodium bicarbonate. 

Summary and Suggestions, 

The difficulty has been in the construction of the units. So far I have ^ 
found them to be sufficiently accurate for practical purposes within the 
compass of these experiments, of which a very large number have been 
made, extending over a period of several years, involving the use of many 
varieties of cells. 

The determination of the coeffiemnt of diffusion is brought about by 
allowing living cells to rest on a jelly which contains stain. Several factors, 
some of which may be contained in the jelly, hasten or delay the diffusion of 
the stain into the cells, and the coefficient of diffiision is the sum of the 
factors which causes the stipulated staining of the cells added to the amount 
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of stain employed The factors which hasten diffusion are hmt, allcaluB, and 
tinie ; and those which delay it are acids and neutral salts. But the mte of 
diffusion depends also on the concentration of the stain, for if this is weak 
a large sum of factors to produce staining is required ; but if it is very 
concentrated the cells may stain even in the presence of acid. Since all 
these items are variables, I have constructed a formula by which, if some of 
them are known quantities, the others can be readily determined. 

By this means the coefficient of diffusion of a cell can be obtained, and it 
varies with the class of celL 

1 have also stated that the diffusion of substances other than stain may 
appear similarly to depend not only on their concentration but on the 
coefficient of diffusion of a cell. But other substances may be alkalies, acids, 
or salts, and may affect the diffusion of neighbouring substances and be so 
affected themselves. I have given a means by which this effect can he 
determined and a luiit made. Then, provided the unit of a given substance is 
known, and provided the coefficient of diffusion of a given cell is known, the 
comparative rate of effect of the given substance on the given cell can be 
ascertained by referring to the equation.* 

In medicine, for instance, drugs and sera are frequently given with 
a view to affecting certain cells, yet, as far as 1 know, no steps are taken 
either to ascertain the rate of effect of the drug on the cells, or suitably to 
modify the alkalinity of the blood by treatment, in order to produce 
maximum results according to the temperature of the patient. The point 
appears worthy of consideration. 

In the case of bacteria, it is frequently heard that certain bacteria are 
more resistant to antiseptics and drugs than others. It is possible that this 
varied resistance may be summed up in the expression “coefficient of 
diffusion.'' If antiseptics could be rendered alkaline according to the 
coefficient of the bacteria which they are intended to kill, and according to 
the temperature, it might lead to a reduction of the concentration of the 
antiseptic, with consequent saving of cost and increase of efficiency. 

Since the blood fluids affect bacteria, it seems desirable to know the 
coefficient of diffusion of the bacteria when estimating the effects of the 
fluids on the cells. Again, since erythrocytes will diffuse bodily into agar 
jelly and remain suspended in it (2), and since droplets of liquid will diffuse 
into the colloid cytoplasm of leucocytes and remain Busi)ended in it (red 

* The knowledge that heat accelerates the diffusion of substances into cells has already 
been applied in some researches by Dr. C. J. Macalister and myself in order to 
demonstrate an excitant for leucocytes in the plasma of cancer patients (‘ Proc. Boy. Soc 
Med,,^ Deoemberi 1908). 
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spots, 4), it seems possible that germs which proffer the same jelly-like 
properties as red cells may enter the phagocytes by the process of diffusion 
and be subject to the same factors which influence it, for the temperature 
and alkalinity of tlie blood vary in health and disefise. Therefore, it may be 
important to know the rate of diffusion of leucocytes when estimating 
phagocytosis. 

I have noted that there appears to he a relationship, in leucocytes at 
least, between the coefficient of a cell and tiie length of its life as measured 
by a procedure which I have already published (5, 8). It has also been 
shown in a former paper (4) that if stain is passed over a jelly such as agar, 
the rate of the coloration of tlie jelly depends on its consistency, that is, as 
to whether it is solid or diffluent. In the same paper it was stated that the 
effect of stain on cytoplasm also depended in a like manner on its consistency. 
Since there may be a relationship between the coefficient and vitality, the 
consistency of a cell may depend to some extent upon its vitality. There- 
fore, the determination of the coefficient of diffusion may prove important in 
the prognosis of tumours if the cells can be suitably kept alive, since it may 
give an indication of the consistency of the cytoplasm, and a lowa^ed 
coefficient, as occurs in the blood cells in anaemia, may foretell a lowered 
vitality. 

Further experimentation is also required to determine the property on 
which depends the varying influence of alkalies, salts, etc., in hastening or 
delaying diffusion. 

I hope tins method may ultimately prove of value, not only in bacteriology 
as a means of differentiating bacteria, but also in the investigation of the 
diffusion of substances into living cells. 
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DESCRIPTION OF PLATE 3. 

Coefficient of diffusion. Drawn by F. Nairn from a preparation of fresh blood cells which 
have been resting for 10 minutes at 37** C. on an agar film with an index of diffusion 
of 4, The nucleus of one polymorphonuclear leucocyte has just stained and the cell 
is showing three small red spots. The nuclei of two largo lymphocytes have not yet 
stained, one cell is showing 1 centrosome and the other 3 centrosomes. The film also 
demonstratee an eosinophile leucocyte which is becoming achromatic, f.s., its nucleus 
has lost its stain ; and one granular red cell which contains two red spots. 2 mm. 
apochromatic objective, No. 4 eye-piece, 250 mm. draw-tube, 1 amp. Nernst lamp. 


Tfic Origin and Destiny of Cholesterol in the Animal Organism. 
Part IIL — The Absorption of Cholesterol from the Food ayid 
its Appearance in the Blood. 

By Chaklbs Lindley Student of the University of London, and 

J. A. Gardner, Lecturer in Physiological Chemistry, University of 
London. 

^Communicated by Dr. A* D. Waller, F.R.S. Received December 18, 1908, — Bead 

February 11, 1909.) 

In liis * Text- Book of Physiology ’ Schafer has suggested that the constant 
presence of lecithin and cholesterol in the bile may well be associated with 
the destruction of the red blood corpuscles which contain relatively large 
umounts of these substances, the latter, according to Hepner / being present 
in the free state and not in the form of esters. This idea has recently 
received strong support from the investigations of Chasoburo Kosumotof 
on the influence of toluylene diamine on the output of cholesterol in the 
bile. This reagent was found by Schmiedeberg to produce icterus, and 
' Stadelmann, working in Schiuiedeberg's laboratory ,J: observed that at the 
beginning of the action of the drug an increased production of bile took 
place. This, however, was only temporary, and soon the normal physical 
properties of the Irile underwent an alteration ; it became sticky, darker, and 
more concentrated. 

Afanassiew§ showed that the effect of the drug is to destroy the red blood 

* * Archiv f. d. Ges, Physiol.,* 1898, vol, 73, p. 595. 

t ‘Bioch. Zeit.,* 1908, vol. 13, p. 354. 

I ‘ Arch. f. experim. PathoL u. Fharmak.,* 1881, vol. 14, pp. 231, 422. 

§ * Zeit. f. klin. Mod./ vol 8. 
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oorpuBcles, The increased viscosity, which Afanaesiew correlated witli 
certain changes observed by him in the liver tissue, causes a hindrance 
to the flow of bile, and since the bile formation is, perhaps, increased beyond 
the normal, leads to icterus. When the action of the toluylene diamine 
ceases — according to Afanassiew owing to the removal of the hindrance 
which opposes the bile floW — the amount of bile increases again, possibly 
even above the normal. These statimients made it appear probable that the 
cholesterol of tlie red corpuscles destroyed would appear in the bile, along 
with the bile colouring matter. By careful measurements of the quantities 
of bile produced in dogs in which permanent listul® had been established in 
a satisfactory manner, and by estimations of cholesterol in the bile, by 
methods which do not seem to us open to objection, before and after the 
administration of toluylene diamine, Kosumoto showed that tliis was the 
case. The conclusion seems to be justifiable that a part at any rate of the 
cholesterol of the bile arises from the ddbris of the normal destruction of red 
blood corpuscles in the liver. 

On the other hand, the percentage of cholesterol in the fistula bile of dogs 
does not appear, according to the investigations of Goodman,* to depend 
upon the cholesterol content of the food taken by the animals, a result in 
accordance with the work of previous observers. Goodman made the 
interesting observation that with a diet of 725 grammes of coagulated white 
of egg, which contains little or no cholesterol, he was able, during five days, 
to collect 477 grammes of bile containing 0*208 gramme of cholesterol, whilst 
with a diet of 488 grammes of calves' brain, which is very rich in cholesterol, 
he obtained in four days 367 grammes of bile containing 0145 gramme of 
cholesterol, so that the j>ercontage content in cholesterol of the bile excreted 
in these two diets was 0*0436 in the case of the white of egg, and 0*0396 in 
that of brain. It seems probable, therefore, that the cholesterol of the bile 
is not derived directly from the food, and some of it at any rate is the result 
of the elimination of the cholesterol of dead blood corpuscles, and possibly 
also the ddbris of other tissues, by the liver. On the other hand, this 
cholesterol can in no sense be regarded as a waste product, as we have 
shown in previous papers t that herbivorotis animals do not excrete 
cholesterol or any recognisable derivative of that body in their feeoes, 
although their bile contains considerable quantities, in the case of the cow 
for example 0*07 per cent4 Further, in the case of the dog any cholesterol 
found in the feeces can be entirely accounted for by the cholesterol contained 

* ‘ Hofmeister Beit/ 1907, vol. 9, p. 91. 

+ * Roy. Soc. Froc./ B, vol. 80, p. 12. 

I ‘Journal of Physiol., Froc./ 1907, vol. 86, p. ix. 
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in the food taken. In experiments in which cholesterol free food was given 
no cholesterol was found ; thus a dog fed for 31 days on oatmeal and water 
passed no more than 0*1 gramme of impure cholesterol in the fseoes. 

From these observations we were led to the conclusion that the cholesterol 
of the bile must either be destroyed, or absorbed, along with the bile salts in 
the intestine, and taken into the blood stream. 

The latter hypothesis is more in accordance with the great stability of the 
cholesterol molecule, and is 8upporte<l by the observation of Pribram* that 
emulsions of cholesterol with olive oil, when injected into the stomach of tlie 
rabbit, cause an increase in the cholesterol content of the blood. 

From a consideration of these facts we have been led to put forward with 
regard to the origin and destiny of cholesterol the following working 
hypothesis : — 

1. Cholesterol is a constant constituent of all cells, and when these cells 
are broken down in the life process the cholesterol is not excreted as a waste 
product, but is utilised in the formation of new cells. 

2. A function of the liver is to break down dead cells, blood corpuscles, 
and to eliminate their cholesterol in the bile. 

3. After the bile has l)oott poured into the intestine in the process of 
digestion the cholesterol is reabsorbed, probably in the form of esters, along 
with the bile salts, and carried by the blood to the various centres and 
tissues for re-incorporation into the constitution of new cells. 

The question arises whether the excretion and subsequent absorption of 
the cholesterol of the body form a i-egular and exact cycle, or whether there 
is any wastage of cholesterol which would require to be made up by the 
animal either by actual synthesis in the body from simpler substances or by 
the utilisation of that taken in the food. With reference to the wastage of 
cholesterol it must be pointed out that not inconsiderable quantities are 
excreted through the skin ; the sweat and sebum of men have been shown 
to contain cholesterol, and in the case of the sheep the sweat, being absorbed 
, by the wool, enables us to demonstrate the presence of large quantities of 
cholesterol and isocholesterol How is the wastage made up ? Considering 
the remarkable chemical nature of cholesterol it would appear less probable 
that it is synthesised by the animal than that the loss is made up by the 
absorption of cholesterol obtained from the food. In the case of carnivora 
the cholesterol is contained in their food as such, and might easily be 
utilised. On the other hand, the food of the herbivora contains no 
cholesterol, but instead the closely related phytosterols, and the question 
arises whether this closely allied substance can be utilised by the animal. 

* * Bioch. Zeit,* 1906, vo). 1, p. 413. 
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If the wastage is made up in this way we should expect to find variations 
in the cholesterol content of the blood according as the food was free from, 
or rich in, cholesterol. If, further, it were able to take in from its richer 
diets more cholesterol than was at the moment required, storing it up in the 
intervals of feeding to replace loss we should expect considerable variations 
in the cholesterol content of the plasma with the variety of the food. If, 
however, tlie animal only takes up what is required to supply immediate 
waste we should not ex}>ect more than a slight variation on different diets, 
and this variation might easily be entirely masked owing to the different 
quantities of bile caused to flow into the intestine under the influence of 
foodstuffs of different kinds. With regard to the mechanism of the 
absorption of cholesterol in the intestine it would seem probable that it is 
first esterified, being converted into the oleic and palmitic esters. Those 
compounds, which are stated to possess the property of forming with aqueous 
fluids lanoline-like emulsions,* were found by Hiirthle to be constantly 
present in the blood plasma of various aniinals.f 

With a view to testing the validity of these considerations wo planned 
a series of experiments, the first instalment of which is described in the 
present paper. 

ExperimenU to Ascertain whether Cholesterol is Absorbed bi/ Herbivorous 
Animals when given with their Food, 

The animal selected for this investigation was the rabbit. Preliminary 
experiments showed that the bulk of the phytosterols of bran can be 
extracted along with the fat by means of ether, without altering the 
appearance of the bran and without impairing its feeding value, except for 
the eliminatiori of the fat. It was found that rabbits could be kept for long 
periods on this diet without apparent injury to health, and often without 
much loss in weight, though individuals varied considerably in this respect, 
The general method adopted in these experiments was as follows : — A rabbit 
was fed for several days previous to the commencement of an experiment on 
extracted bran. It was then given each morning 0*25 gramme of cholesterol 
mixed with a few grammes of extracted bran, care being taken to see that 
the animal ate the whole. After eating the cholesterol-bran mixture the 
animal was allowed during the rest of the day as much extracted bran as it 
would eat. This procedure was followed until the animal had eaten 
2 grammes of cholesterol, after which it was fed on extracted bran only for 
three days in order to sweep all cholesterol from its gut. The fseces during 

* Ivor Bang, * Ergebniase d. Phyaiologie,* vol. 2, p. ISO. 
f ‘Zeit. Physiol. Chemie/ vol. 21, p. 331. 
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the experiment were carefully collected, dried in the oven at 80° to 90° and 
weighed. The fsecea were then extracted with ether in a Soxhlet’s apparatus 
for a week or ten days. The ethereal solution was saponified according to the 
method described in our former paper* by means of sodium ethylate. The 
precipitated soap was filtered off and washed thoroughly with ether. The 
ethereal filtrate and washings were freed from excess of alkali and alcohol by 
re}>eatedly washing with water, dried, and the ether distilled off. The dry 
residue was weighed and then fractionally crystallised from alcolml until no 
further crystalline matter could be obtained. The oily residues were then 
■dried, dissolved in pyridine, and treated with exc(!ss of benzoyl chloride and 
after standing over niglit poured into water. The precipitaU^d matter was 
filtered, taken up with ether, dried, and the ether again evaporated. The 
residue was boiled with a little alcohol and any cholesterol that had remained 
ill the oily residue was thus obtained in the form of the highly insoluble 
l>enzoate. 

Experiment /. — In ord(3r to ascertain whether it was possible to extract the 
whefie of the cholesterol IVom feces by the method used, 2 grammes of 
cholesterol were ground up with moistened fieces that had already been 
extracted, in the proportions usually found. The mixture was dried aiul 
subjected to the whole process detailed above, when 2*098 grammes of 
slightly brown-coloured cholesterol were obtained — a quantitative recovery. 
As the cholesterol recovered from natural fa?ces is often highly coloured and 
can only be readily purified by treatment with animal charctoal, it was also 
desix’able to ascertain what loss occurred under the conditions usually 
followed. The two grammes of recovered cholesterol were therefore 
dissolved in about 50 c.c. of alcohol, boiled with alxnit half the weight of 
animal charcoal, and filtered by means of a hot funnel. The charcoal was 
then wiished with liot alcohol. On evaporating the alcohol and crystallising 
the cholesterol 1*8 grammes were recovered. The loss due to boiling with 
charcoal was therefore about 10 per cent. 

. Eirperiment II . — In order to ascertain (1) how far it was possible to 

extract the phytosterol from bran by simply extracting with ether for 
several days ; (2) whether any cholesterol could be detected in the feces, 
after phyfcosterol had been eliminated as far as possible from the diet; and 
{3) how far the quantity of the oily unsaponifiablo matter was afiectod by 
the use of ether extracted food ; and (4) whether an animal could be kept in 
a healthy state on a prolonged, ether extracted diet, a rabbit weigliing 
2*4 kilogrammes M'as fed from December 30,1907, to January 15, 1908, 
inclusive on extracted bran, moistened with a little water. The feces were 
* ‘ Boy. Soc. Proo./ B, vol. 80, p. 212. 
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collected from January 2nd to the 15th inclusive and weighed^ after drying, 
462 grammes. During this period the animal was given 1*12 kilogrammes of 
extracted bmri, most of which it ate with apparent satisfaction. On 
January 15th its weight was 2*4 kilogrammes and during the period of the 
ex}terimeut varied from 2*4 to 2*5 kilogrammes. 

Tlie heces were extracted with ether and the ethereal solution saponilied in 
the manner described ; 1*215 grammes of dry uiisaponifiablo matter was 
obtained as a viscid still' oil. This dissolved in a small quantity (20 c.c.) of 
absolute alcoliol, with the exception of 0*05 gramme of insoluble tan On 
adding enough water to make the alcohol about 85 to 00 ])er cent, strength 
and allowing to stand, some cjystalline matter sejinrated and, after filtrutitui 
and drying, was obtaiimd in the form of dark l)rown greasy crystals w(ughing 
0*4 gramme. 

This brown crystalline matter was decolorised by animal charcoal and 
carefully recirysUxllised fractionally from alcohol. Tlui first and main crop 
melted at 18.“)° to 136°, and under the microscope had the form of trans- 
parent long lujxagoiial plates. It was identical with the phytost^roD* 
which we had isolated from the bran. The mother liquors yielded a small 
crop of crystals which under the microseo]>e were more indeterminate, Ixdug 
grouped in masses and stars. On recrystallisation, however, long hexagonal 
crystals were again obtained melting at 138° to 135° Nn trace of cholesierol 
f'onld l>r dincovemL 

Erpi'rhnent ///. — Immediately on the close of the above exjieriment the 
same rabbit was fed from January 16 to January 25 inchisive, on 
80 grammes of extracted bran with 0*25 gramme of cholesterol per day, 
except on two days on which no cholesterol was given. It received therefore 
in this period 2 grammes of cliole.sterol. It was then fed for three days on 
extracted bran alone, and the feces were collected dtiring the whole period. 
After drying, the hecos weighed 407 grammes. The weight of the animal 
remained constant all through the experiment. 

The ethereal extract was reddish in colour, with a green fltiorescence,* 
wliich was just as marked after sapoiii heat ion ; 2*56 grammes of dry 
unsaponifiable matter were obtained. Tliis dissolved in absolute alcohol 
leaving 0*06 gramme of insoluble tar. Water was then added to reduce the 
alcohol to 90 per cent.,^ and on stajiding, brown crystalline matter was 
deposited weighing 1*14 grammes. On further standing another crop weighing 
0*28 gramme was obtained. The mother liquors were then evaporated to 
dryness, dissolved in pyridine and treated with benzoyl chloride ; 
0*1035 gramme of crude benzoate of cholesterol was obtained. The total 
weight of crude cholesterol was thus 1*6 grammes. The two crops of 
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cholesterol were decolorised by animal charcoal and recrystallised from 
alcohol The larger crop melted at 139° and was practically pure cholesterol, 
but the smaller crop softened at about 125° and melted at 135° Under the 
microscope the latter appeared to consist mainly of cholesterol, but was 
contaminated with phytosterol. The benzoate after lecrystallisation melted 
at 144° to 145° to a tairbid liquid which cleared at 180° and on cooling 
showed the characteristic play of colour in a well-marked manner. About 
1 gramme of purified cholestm-ol was in this way obtained. Evidently 
therefore tlie rabbit had absorbed Ix^tween 0'5 and 1 gramme of cholesterol 
during the time of the experiment. The animal remained in good health for 
some weeks afterwards, ita weiglit remaining constant, when it was killed for 
another purpose. 

E.^eriweni IV , — The rabbit used in this (»xi)eriment weighed 1*7 kilo- 
grammes, and was very thin. It was fed for the three days })ri(>r to the 
commencement of the experiment on extracte<l bran ; it was then giv(‘n 
0*25 gramme of (da desterol and GO ti) 70 grammes of extracted bran daily 
for eight days, ami extracted bi'au alone for tlireo more? days. Care was 
taken that the animal took the whole of th(‘> cholesterol, but it wasted a 
good d(^al of the bran. The animal lost weight during tlie whole ex])eriment, 
and died the day after, when its weight was 1*3 kilogrammes. A fad-moTimt 
examination showed that tin* animal was very thin, and in })oor condiLif)n. 
The intestine was filled with a watery fiuid, the liver very dark in colour, 
and the stomach diliit<ed with gas. It may be noted tJmt during tliis 
experiment the weather was very cold, and for a few days the heating 
apparatus was out of order, so tliat possibly this may have had somcLhing 
to do with the death of the animal, which was not in the best of condition 
at the start. 

Three hundred and twelve grammes of dry faicos were obtained. Tlio 
ethereal extract was pale yellow in colour, and on evaporation gave 
1*46 grammes of unsaponifiable matter as a greasy brown solid. This 
dissolved in 85 to 90 per cent, alcohol, with tlie exception of a small 
amount of tar which was insoluble in absolute alcoliol, though soluble in 
ether. On standing, the solution deposited 0*79 gramme of brown crystallimi 
matter. A further crop, weighing 0*32 gramme, was obtained on long 
standing, This was more granular in appearance, and rather sticky. The 
mother liquors were evaporated to dryness and beuzoylated in pyridine 
solution, but no matter diflicultiy soluble in alcohol could be isolated. 

The two crops wei'e decolorised by animal charcoal and recrystallised. 
The first deposit melted at 142° to 143° and under the microscope was seen 
to consist of practically pui^e cholesterol. The second crop of crystals 

I 2 
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melted at 141^^ to 142^, but a mici*oscopic examination showed that it 
contained some phytoeterol, as the shape of the crystals deviated from those 
of cholesterol in the well-known manner occasioned by traces of phytosterol. 
A final crop melted at 138^ to 139° and contained a larger amount of 
phytosterol In this experiment it is evident that at least 1 gramme of 
cholesterol was ahaorhed. 

Experiutemt F. — A rabbit, weighing 1*7 kilogrammes, was treated exactly 
as iu Ex{>crinient IV. At the end it weighed 1*0 kilogrammes, and appeared 
to be in good health ; 277 grammes of dry fieces were obtained, which were 
extracte<l for 14 days in a Soxhlet's apparatus with ether. Tlie ethereal 
solution was deep red, with a strong green fluorescence. The dry unsaponi- 
fiable matter weighed 2*275 grammes, and was dissolvetl in 70 c.c. of hot 
alcohol, leaving 0*05 gramme of insoluble tar. After adding 6 c.c. of water to 
the hot alcohol solution, 1*39 grammes of red crystalline matter were 
deposited, from which 1*125 giummes of fairly piu'e cholesterol were olflaiiied. 
The mother liquore, on standing, deposited a small (juantity of crystalline 
matter mixed with oil, from which, after boiling in alcoholic solution with 
animal charcoal, 0*11 gramme of white crystals was isolated. All the mother 
liquors wert*. evaporated and benzoylated, but only a small trace of difficultly 
soluble matter resulted. The weight of cholesterol recovered was therefore 
l*2f> to 1*4 grammes, which, however, would contain any phytosterol present. 

E^qurimeid F/ — A rabbit, weighing 1*7 kilogrammes, was led on extracted 
bran and cholesterol as in the previous experiments. The weight remained 
practically cotistant, but after the experiment, on being put on ordinary diet, 
it began to lose weight, and died on the eighth day. The weight of the 
dead animal wfis 1*4 kilogrammes, but a jiost-mmtem examination revealed 
nothing abnormal 

The weight of dry feces collected was 283 grammes, and they were 
extracted for 14 days. The ethereal extract was pale yellow iu colour, but 
without any fluorescence. The unsaponitiable matter weighed 3*13 grammes, 
but was not free from calcium chloride. It was boiled with absolute alcohol, 
when 0T45 gramme of insoluble matter was left. The alcoholic solution 
after dilution with water until the strengtli was 85 to 90 per cent., gave 
1*47 grammes of not very coloured crystalline matter. The mother liquors 
yielded l)etween 0*1 and 0*2 gramme of impure crystalline matter. After 
recrystallisation of the whole from the least amount of 90 per cent, alcohol, 
the melting point was 135° 

The results of these experiments are summarised in Table I. 

It is clear from these experiments that (1) cholesterol is not excreted 
by rabbits unless they are fed on it, which is in agi*eement with our previously 
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Table I. 


Kxp. 


Duration ' Weight of 
of I rabbit at 
oxptiri- beginning, 
luont, in I in kilo- 
daytf. j gmmuies. 


Weight 
at end. 


f 


Weight of 
oholesf-erol 
given. 


■ Weight of I 
: bran, in '• 
kilo- 

‘ graniineH. [ 

! 


Weight of 
dry 
f feces. 


I 


Total ' Weight of 
unaaponi- , crude 
fiablc ^ cholesterol 
matter I ret^overed, 
dry, in including ; 
grammes. phyUwtcrol.i 


n. 

14 

2 '4 

III. 

11 

2-4 

IV. 

n 

1-7 

v. 

11 

I *7 

VI. 

j 11 

1 -7 


2-4 1 

— 

1 1 Vi 

2 ‘4 1 

2 

1 

1 ] 01 

1 *8 1 

2 

! (i-o? 

1 ‘6 i 

1 2 

1 0 -73 

1 *7 

1 2 

1 

j 0 -73 


402 

1 ‘215 

0 '4 of 
' pliytoBterol 
' 1 '5 

497 

2 50 

812 

l*4<i 

1 *11 

277 

I 3-27 

1 1 *28—1 *4 

2S8 

; 3*1B 

! 1 *4—1 *6 


published results; (2) that when cholesterol is administered with the food a 
portion of it is absorlied, in our experiments a))out 50 yier cent. It is 
also clear that vegetable food mieh as bran or grass can be freetd from fat 
and phytosterols Ijy extraction with ether without impairing its feeding, 
value. 


Is ChohsUrol Absorbed frovi the Food hy Oarm rorom Aniouth 't 

In our former paper on the excretion of (djolesterol by tlio <log* we 
described experiments which, although they were carried out primarily for 
the purpose of showing that tlie cholesterol content of“ the heces was a 
function of the cholesterol in the food taken, may yet be c<.»nsiderod as 
evidence for the absorption <d some cholesterol from the food in this animal. 
But such evidence cannot be regarded as of the same conclusive nature an 
that afforded by the exi)eriment8 on the rabbit, because the cholesUnoI 
content of the various foodstuffs given is not known with any degree of 
certainty. The estimations of Dormeyerf, for the cholesterol content of dry 
muscle (0*23 per cent.), are perhaps as satisfactory as any, though they 
probably err, if anything, in being too high. However, if we take such a 
value and apply it to our own data we arrive at such results as the following. 
In one experiment a dog in 20 days ate 7470 grammes of cooked beef and 
mutton, the percentage of solids in whi^h we found to be about forty. 
Allowing for the fact that the meat did not consist entirely of muscle and 
for variations of other kinds, we may perliaps halve Dormeyer s value in 
this case. On this assumption, then, the animal consumed 3*4 grammes of 
cholesterol, whereas 0'8 gramme only was found in the faeces, so that a 
disappearance of about 2*5 grammes of cholesterol is indicated. 

^ ‘ Boy. Soc. Proe.,’ B, vol. 80, p. 227. 
t * PflUg. Ai*chiv/ voL 61, p. 341. 
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In another expeinment the animal ate 6758 grammes of horseflesh in 
17 days. Making the calculation as before, we find tliat the dog may have 
eaten 4 grammes of cholesterol, whereas only 1 gramme was discovered, 
pointing again to an absoq>tion of possibly 3 grammes. 

We did not institute any further experiments with the dog on these lines 
on ac(^onnt of the numerous uncertainties involved. We Imve, however, 
lately been successful in discovering a cliolesterol-frco diet comparable with 
extracted bran on which cats can be fed, and Inivc begun an elaborate series 
of experiments on the ciuestion wliich we hope to communicate in the near 
future. Preliminary experiments on cats showed us that, as in the case of 
dogs, the cholesterol of animal food is passed in tlie heces as such, hut that on 
a brain diet these animals also convert the cholesterol into coprosterol. The 
two following experiments may lie quoted hero as liearing on this interesting 
|K)int. 

Experiment VI L — A cat w^eighing 2*8 kilogrammes was fed on raw sheep^s 
brain foi’ 14 days. The fieces were somewhat liquid, and dried at 100° to a 
soft, sticky, glue-like mass, which was ground np with excess of sand before 
extracting with ether. Weight of dry fieces, 245 gi’ammes. During the y>eriod 
of diet the animal lost 0'5 kilogramme in weight, which loss, however, it. 
subsequently I’cgained on ordinary diet; 28 grammes of unsaponifiable matter, 
in the form of a dark red viscjid oil were obtained. By fractional crystallisation 
from acetone between 18 and 19 grammes of brown crystalline matter were 
separated. This consisted of coprosterol, and after further purification from 
dilute alcohol 12 grammes of perfectly ])ure coprosterol were obtained. This 
melted at 99° to 100° 0., and had a sjiecific rotatory power (in chloroform) 
+20°-4. 

On a diet of mw sheep's brain, therefore, the cat changes cholesterol into 
coprosterol in the same way as we showed was the case with the dog.* If 
we assume that sheep*s brain contains 2 per cent, of cholesterol, onr cat 
should have consumed in the 14 days some 34 grammes of cholesterol, which 
would correspond with an absorption of about 15 grammes, or 1 gramme 
per day. Owing to the difficulty of crystallising copi'osterol completely from 
the oily matter with wliich it is mixed in the unsaponifiable residue, one 
cannot claim for this estimation any high degree of certainty. It is, how- 
ever, significant that the total weight of unsaponifiable matter obtained was 
less than the total cholesterol that should liave been consumed, and there 
can lie no doubt that the extraction of the fteces by ether was a very 
thorough one, as it was allowed to go on for 14 days, the ether distilling over 
dtiring the day and being allowed to soak on the materiel during the night. 

* *Roy. Soc. Froc./ B, vol. 80 , p. 227 . 
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Experimmt VIIL — In this exj)erimeat the sheep's brain was lightly fried 
in its own oil before being given, in onler to ascertain whether tlie cooking 
process had any influence on the conversion of the cholesterol to coprosterol. 
The cat selected weighed 2'9 kilogrammes, and duilng the feeding period of 
14 <iays lost 0*4 kilogramme in weight; 1913 grammes of brain (weighed 
uncooked) were consumed, and 365 gi-animes of dried faeces obtained. These 
were of very much the same constituency as before, and were treated in a 
similar manner ; 23 grammeB of uiisapoui6able matter in the form of a red 
oil were obtained. This proved very difficult to purify, owing to the tarry, 
sticky oils }>resent, and we were only able to isolate 7*4 grammes of white 
cryslalliue matter, wliich proved to he a mixture of cholesterol and co]>rosteroL 
The cholesterol taken (on the above assumption) should therefore 
38 grammes, the total uusaponifiable matter l»eing only 23 grammes. The 
cooking and consequent partial sterilisation of the brain seem, therefore, to 
have iutorfewJ with the conversion of the cholesterol irit(* coprosfcerol. 

Experiments to ASCERTAm whether any of the Cholesterol which 

DISAPPEARS from THE EOOD CAN BE FOUND IN THE BlOOD. 

Herhivorov.ii AnimiaU. 

Pribram* has stateil tliat on administering cholesterol to rabbits })er oh, an 
increased percentage of this substance could be found in the blood. His 
method consisted in injecting into the stomach of the animal an emulsion 
of cholesterol, cholesterol oleate, or cholesterol palmitate, made up with 
olive oil. After some hours the animal was killed, and the cholesterol in the 
blood determined in the usual way. But from the point of view of proving 
that cholesterol taken by the mouth can Ije absorbed into the blood stream 
these experiments seem to us for several reasons by no means conclusive. 
In the first place, the rabbits studied were far from being under normal con- 
ditions of diet. A comparatively large dose of oil was put into the stomaclis 
of animals who are not accustomed to take or assimilate fats in this form. 
Pribram mentions that the oil passed into the blood as the serum became 
opalescent, and it seems to us not improbable that, with a quantity of oil in 
the stomach which cannot l>e assimilated in the ordinary way, some of the 
oil might percolate, if one may use the term, into the blood, carrying the 
cholesterol with it. The supposed increase, therefore, found in fclio blood 
might not unreasonably be due to a mechanical rather than to a metabolic 
process. But a further consideration of the data given by Pribram led us to 
doubt whether they could be considered as showing that there was an increased 
percentage of cholesterol. 

* * Bioeb. ZeitV vol. 1, p. 414. 
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The standard of compariaou employed by him was the cholesterol ooatent 
of the blood of a starving rabbit, which again is an abnormal case, since con* 
ceivably some cholesterol might disappear from the ])lood during starvation, 
and if this is so it is'probably a variable standard, as different animals would 
vary in the rate at which the cliolesterol was removed from their blood. 
Again, the quantities of cholesterol isolated and weighed were extremely 
small, and were admittedly not pure. No melting points or other constants 
were given, and we are conset] neatly left xincertain as to whether the matter 
weighed was cholesterol in a more or less pure state, or whether it was largely 
composed of cnide un saponifiable matter, or whether it contained any 
cholesterol at all. As the }>ercentages found were so small, a very slight 
variation in the amount of impurity present would invalidate and even 
entirely reverse the conclusions deduced by the author. In a second series 
of experiments, however, which bring out the increased inliibitory power of 
the serum of the cholesterol- fed rabbit towards the haemolytic effect of 
saponin, the results are more satisfactory, and certaixily speak for an assump- 
tion of cholesterol by the blood. But our objection to the method of dosage 
adoj>ted still holds, and the number of htemolytic experiments carried out 
was too few. Our own experiments in eornparing the action of sera in this 
respect have shown us that there is a very considerable variation in the 
acition of the sera of individual animals of the same species, when treatrcd 
under precisely similar conditions. The discussion of this point, however, 
we loiive for the present, as we hope to make it the subject of a communi- 
cation in the near future. 

In the experiments we have carried out to ascertain the fate of the 
cholesterol which disappears from the food we have endeavoured to avoid 
the difficulties pointed out in the preceding paragraph in the following 
way : — 

1. We adopted as a standard of comparison a rabbit which was fed for 
a long period on a cholesterol-free diet, vhs., bran thoroughly extracted with 
ether. The blood of such an animal was compared with that from others 
which had been fed in an exactly similar way as to times and quantities of 
extracted bran, but whose food contained in addition a measured daily 
quantity of cholesterol. In this way we had two rabbits feeding on 
practically the same diet under the same conditions, and accordingly the 
chance of variations, especially in the bile flow, due to differences in the 
food taken was reduced to a minimum, and the only variation likely to 
interfere was that due to the individual peculiarities of different rabbits 
which are inevitable in such experiments. 

2. With regard to the estimation of cholesterol in the tissues and the 
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blood, we must again emphasise the fact that the weight of crude iinsaponifi- 
able matter obtained from them gives little or no idea of their cholesterol 
content. In our experience, the ether extract of animal tissues always 
contains relatively large quantities of low melting oily or resinous bodies, 
which may prove to Ije of very considerable importance in biochemistry, but 
they are non-crystalline and cannot be considered as cholesterol. Further- 
more, their amount is very variable, so that even for purposes of comparison 
the weights of crude unsaponifiable matter are useless. Our own procedure 
was as follows : The blood, if dried in the ordinary way, becomes a very 
hard horny mass which even if powdered is difficult to extract. We there- 
fore mixed the blood after whipping to prevent coagulation with sand and 
plaster of Paris in sxxfficiont quantity to form a friable mass. This was 
ground up and extracted for 14 to 30 days, the heating being stopped 
during the night so that the ether might thorougldy soak into the material. 
The extract was saponified 4n the manner we have previously described, and 
the non-saponifiable residue converted directly to benzoate in pyridine 
solution, the cholesterol being thus weighed in the form of cholesterol 
benzoate. 

Experiment IX . — Babbit A. A rabbit, weighing 2*8 kilogrammes, was fed 
for 21 days with 70 to 80 grammes of extra(;ted bran per day, and then 
killed 24 hours after the last supply of food had been placed in the cage. 
A pod-mortem examination showed that the stomach still contained some 
food. The animal during this period lost 0*3 kilogramme in weight. The 
weight of blood obtained was 73 grammes, from which 0*14 gramme of 
unsaponifiable matter in the form of a stiff oil was obtained. The quantity 
of oliolesterol contained in this was so small tliat it was not found possible 
to isolate any in a pure state. 

Experiment X . — Rabbit B. This rabbit, weighing 2*2 kilogrammes, was 
fed for three days on extracted bran, then during 10 days on 540 gmmmes 
of extracted bran, mixed with 2J gi^ammes of cholesterol, care being taken 
that the whole of the cholesterol was eaten. The weight of the animal 
remained unaltered during this period, and it was killed 24 hours after the 
last meal had been placed in the cage. The blood obtained weighed 
71 grammes and yielded 0*29 gramme of crude unsaponifiable matter, from 
which 0*0376 gramme of pure cholesterol benzoate was obtained. The 
specimen, which was actually weighed without further crystallisation, melted 
at 142^ to 143^ to a turbid liquid which became clear at 170°, and on 
cooling showed the characteristic play of colours. This quantity corresponds 
to a yield of 0*0296 gramme of cholesterol or 0'0416 per cent. 

XL — Babbit C. In order to compare the cholesterol content 
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of an animal fed on a normal diet which contained phytosfcerol but not 
cholesterol, a rabbit weighing 2'8 kilogrammes was fed on a liberal mixed 
diet of cabbage, oats, and bran for a month, and killed after 24 hours as in 
previous experiments. The blood obtained weighed 76 grammes, which 
yielde<l 0T17 gramme of unsapouifiable matter as a brown oil mixed with 
crystalline material. After treating with benzoyl chloride in the usual 
way 0*028 gramme of greasy crystals was obtained, which were obviously 
not pure. Under the microscope these appeared as star-shaped aggregates 
of needles mixed with indeterminate matter, but no typical crystals of 
cholesterol benzoate were observed, and the substance could not be further 
purifietl. It is obvious that there is not sufficient cholesterol in the blood 
of a single rabbit, when fed on a non-cholesterol, or on a normal diet, for an 
acciu'ate quantitative estimation. We therefore fed six rabbits, weighing 
1*5, 1*7, 1’4, 1'9, 1‘5, 1*0 kilogrammes respectively, on a liberal diet of oats, 
bran, and greens for a week. They were then killed and the total blood 
taken. I'his weighed 600 grammes. Oji treatment in the usual way 
0*464 gramme of unsapouifiable matter as a brown, slightly greasy solid 
was obtained. This was crystallised from alcohol ; the first crops, weighing 
respectively 0*001 and 0*049 gramme, consisted, as a microscopic examination 
showed, mainly of cholesterol, plate-like crystals of which were mixed with 
minute spherules of some other substance. These crystals were dried and 
treated in pyridine solution with benzoyl chloride. All the mother liquors 
remaining were evaporateil to dryness and treated with pyridine and benzoyl 
chloride. Tlie benzoate found was reerystallised from a measured quantity 
of absolute alcohol ; 0*1623 gramme of pure cholesterol benzoate in all was 
thus obtained, whiclq without further purification, melted correctly, and gave 
the colour play of cholesterol benzoate; 0*1199 gramme of cholesterol 
was thus obtained from the blood of six rabbits or 0*024 per cent. 

It is clear from these experiments that Pribram was correct in his 
conclusions, and that cholesterol can be absorbed from the intestines into 
the blood of the animal, since in the case of the rabbits which had been fed 
on cholesterol we were easily able to pmpare and weigh pure cholesterol 
benzoate, wliereas in the case of a rabbit fed on extracted diet, or on noma! 
diet, the quantity was so small that we were unable to obtain any 
cholesterol from it in a pure state. In order to get a precise fi^re for the 
cholesterol content of the blood of the rabbit under normal oonditi<ins we 
were obliged to deal with the blood of six rabbits. 

In the case of rabbits A, B, and C we made estimations of the cholesterol 
contained in the brain and spinal cord, and in the rest of the 
respectively. We can, however, draw no conclusions from the msults of the 
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expeiimentB, but we think the actual determinations are of sufficient interest 
and accuracy to be placed on record. The method we adopted for the brain 
and cord was to mix with plaster of Paris in a mortar, and, after the mass 
has hardened, to powder it thoroughly. This was then thoroughly extracted 
with ether (21 days) and the extract treated in the usiial way. The rest of 
tlio rabbit carcase (including the fur) was finely minced in a machine, mixed 
with plaster of Paris, and again passed through the machine. After it had 
set to a dry mass it was ground up in a mortar with coarse sand and plaster 
of Paris, and extracted for three weeks with ether. The results are collected 
together in the following table : — 


Table 11. 




Weight lTnt»apouitlttblp 

iu gminmew. inattor. ; 


Purr 

cholesterol 

found. 


Cholesterol 
per cent. 


Kabbit A, weight 2*5 kilos., fe<l on extracted bran for 20 days. 


Blood : 78 0*14 (trace) i — 

Braiu and spinal cord 14 ‘3 0 ‘68 j 0 *427 i 8 0 

Rest of rabbit 2418 8*75 i 2 *168 ] 0 09 


liabbit B, weight 2*2 kilos,, fed on extracted bran -H 2^ grammes of cholesterol 

for 10 days. 


Blood 71 I 0 29 0*0296 i 0*0416 

Brain and spinal cord [ 18*81 1*31 (lost) I ' — 

Beat of rabbit ; 2116 t 8 *50 1 *908 i 0 *09 


Babbit C, weight 2*8 kilos., fed on a mixed diet of cabbage, oats, and bran 

for 1 month. 

Blood ' 75 ! 0*117 j (trace) 

Brain and Bpinal coni ......J 17*6 j 0*776 I 0*6225 3*0 

of rabbit j 2708 | 6*11 : 2*716 0*10 


Six rabbits, fed on above mixed diet. 

Blood j 500 ^ 0*464 j 0*1199 | 0*024 


ExPBWMKNTS to ASCKBTAIN WHBTHSIl THK CHOLBSTEBOL CONTENT OF THE 
Bixwi) CAN BE Correlated with Variation in the Cholesterol 
Content of the Food in Carnivorous Animals. 

A. in which the Anitmls were killed t%oo to four hours after 

a Meal. 

SseperimeiU XII . — A dog, weighing 7'86 kilogrammes, was fed for 10 days 
on a daily ration of 200 to 300 grammes of bread, the whites of two eggs. 
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and a teaspoonful of cream, the whole being moistened with a solution of 
Liebig's extract of beef, and lightly fried The animal was killed three and 
a half hours after the last meal The blood weighed 480 grammes, and from 
this 0'687 gramme of unsapouitiable matter was obtained. This was at 
once benzoylated in pyridine solution, and a total crop of cholesterol benzoate 
weighing 0*4865 gramme was separated. This corresponds to 0*3892 gramme, 
or 0*0811 per cent, of cholesterol. 

A post-im>rUim examination showed that the stomach was practically empty. 
The gall-bladder contained 5*2525 grammes of bile which on evaporation 
yielded 0*892 gramme of solid matter. From this 0*002 gramme of 
cliolesterol benzoate was obttiined, or 0*18 per cent, of cholesterol (calculated 
on the dry solids). 

Experiment XIII . — A dog, weighing 8*13 kilogrammes, was fed for nine 
days on a daily ration of 250 grammes of raw braim At first it did not 
take kindly to this food, but in the last few days it consumed the whole of 
the brain giv« 3 n. The animal was killed two hours after a meal. The 
Wfjight of blood obtained was 430 grammes, which yielded 0*74 gramme of 
uusaponifiable residue. This was benzoylated directly in pyridine solution, 
and 0*484 gramme of i)ure cholesterol benzoate was obtained, melting 
correctly. This corresponds to 0*3872 gramme, or 0*09 per cent, of 
cholesterol. 

A post-wortem examination showed that the stomach contained some 
undigested food. The gall-bladder contained 2*06 grammes of bile of a pale 
yellow colour, and left 0*2245 gramme of solid matter. From this 
0*004 gramme of unsaponifiable matter was obtained, but only a trace of 
benzoate could l>e separated from it. 

Experiment XIV . — A dog, weighing 9*77 kilogrammes, was fed for nine 
days on a daily ration of 200 grammes of dry oatmeal made into porridge 
with water. The animal ate about half the last meal only, and was killed 
four hours afterwards. The blood weighed 680 grammes and yielded 
0*91 gramme of unsaponifiable matter. This, on benzoylation in pyridine 
solution, gave 0*6775 gramme of pure cholesterol benzoate, corresponding to 
0*542 gramme, or 0*0797 per cent, of cholesterol in the blood. 

A post-mortem examination showed that the stomach contained a quantity 
of undigested food. The gall-bladder contained 6*36 grammes of bile which, 
on evaporation, yielded 1*1065 grammes of solid residue. From this only 
0*001 gramme of cholesterol benzoate could be obtained, corresponding to 
0*07 per cent, of cholesterol. 

ExpeHment XV.— A dog weighing 8*5 kilogrammes was fed for six days on 
a daily ration of 200 to 300 grammes of brain, mixed with some bread. The 
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animal woe killed four hours after the last meal. The blood was unfortunately 
lost. The gall-bladder contained 702 grammes of bile which» on evaporation, 
yielded 1*3947 grammes of solid residue. From this, 0*0028 gramme of 
cholesterol benzoate was obtained, or 0*16 per cent, of cholesterol. 

B, Experimmis in which t/te Animals were killed 24 Iwurs after a Meal, 

Eicperimeni J[VL — A dog weighing 7*8 kilogrammes was fed for 7 days on 
^wjTidge made by boiling about 100 grammes of oatmeal with water, daily. It 
wa.s killed 24 hours after the last meal. The quantity of blood obtained was 
524 grammes, from which 0*9845 gramme of greasy unsaponifiable matter 
was obtained. The first crop of crystals from alcohol weighed 0*2915 gramme, 
and a microscopic examination showed that these consisted of practically 
pure cholesterol. The residues were benzoylated in pyridine solution and 
yielded 0*1795 gramme of crystals, which melted correctly and gave the 
characteristic colour play of cholesterol benzoate. The total cholesterol 
obtained was therefore 0*435 gramme or 0*083 per cent. 

A pod-mortemi examination showed that the stomach was quite empty. 
The gall-bladder was distended and contained 4*55 grammes of bile, which, 
after drying at 100^ C., left 0*8267 gramme of solid matter. We attempted 
to estimate the oliolesterol in this quantitatively, hut the amount was too 
small for an accurate determination. However, 00025 gramme of choles- 
terol benzoate was isolated, or 0*24 per cent, of the total solids. 

Experiment XVI r , — A dog weighing 9*1 kilogrammes was fed for 14 days on 
raw brain. It was given 300 to 500 grammes of fresh brain per day, but the 
animal did not take the food very well and often left a portion uneaten. On 
the last day of the j>eriod the dog developed feverish symptoms and was 
killed 24 hours after the last meal. The quantity of blood obtained was 
607 grammes and yielded 1*43 grammes of unsaponifiable matter. This 
was not completely soluble in alcohol. The first crop of crystals weighed 
0*5076 gramme and melted at 145^ 0. A second crop weighed 0*0785 gramme 
and melted at 144® C, From the residues on benzoylation 0*2115 gramme of 
cholesterol benzoate, melting at 145°, was isolated. The total cholesterol 
obtained was therefore 0*7526 gramme, or 0*1486 per cent. 

A pod^nmimn examination showed that the stomach was empty and 
distended with gas# and the lungs appeared to be congested. The gall-bladder 
contained 0*844 gramme of bile, which was very thick and stringy, and 
contained 01617 gramme of solid matter. From this 0*0025 gramme of 
cholesterol benzoate was obtained, or 1*2 per cent, of the total solids. 

EsoperimsfU JfF///.~A large dog weighing 19*2 kilogrammes was fed for 
24 days on raw brain together with a little bread. Tliis animal took the 
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food readily and consumed daily from 500 to 800 grammes of brain, and at 
the end of the period was in good health. It was killed 24 hours after 
a full meal. The weight of blood obtained was 1140 grammes, which yielded 
To grammes of unsaponifiable matter. On crystallisation from alcohol a first 
crop, weighing 0*.*J04 gramme, melting at 144® to 145° was obtained, and 
a second weighing 0T84 gi’anuae and melting at the same temperature. The 
mother liquors and residues, on benzoylation, gave 0*41 gramme of choles- 
terol benzoate. The total cholesterol obtained was therefore 0*816 gramme, 
or 0*072 ])er cent. 

A imUmortem examination showed that the stonjach was empty. Th<^ 
gall-bladder contained 1 5*82 grammes of bile, which gave 3*947 grammes of 
solid matter, and from this 0*017 gramme of cholesterol benzoate was 
obtained, or 0*34 per cent, of cholesterol. 

Exiwrimcnt XIX . — A dog weighing 13*4 kilogrammos was fed for 1(1 days 
on H <liet ])ra(d/ically free from cholesterol. The daily ration consisted of 
250 to 300 grammes of bread, the whites of two eggs, two teaspoonfuls of 
cream lightly fried together after moistening with a solution ol‘ Liebig's 
extract ol’ beef. The animal continued in good health and was killed 
24 hours after the last ineal. The blood weighed 760 grammes and yielded 
1'326 grammes of unsaponifiable residue. On crystallising from alcohol the 
first crop weighed 0*4615 gramme and melted at 145°, the second weighed 
0*2135 gramme and the same melting point. After henzoylution, the 
residues yielded 0*1728 gramme of cholesterol benzoate, melting at 145°, 
and showing the colour changes. The total cholesterol obtained was there- 
fore 0*8132 gramme, or 0*107 per cent. A fmi-tmviem examination showed 
that the stomach was empty. The gall-bladder contained 10*29 grammes of 
bile whicli, on evaporation, gave 2*632 grammes of solid matter. From this, 
0*003 gramme of choleshn'ol benzoate was obtained, or 0*09 per cent, of 
cliolesterol. 

These results are collected together in Table III. 

Tlie experiments differ fundamentally from those carried out on the 
rabbit descril)ed in the earlier part of this paper. In the ease of' these 
animals a standard diet free from cholesterol and similar bodies, to which 
measured portions of cholesterol could be added, was available ; and as they 
are practically continuous feeders the bile flow and consequently the 
cholesterol content of the blood, due to this source, would remain practically 
constant. In the case of the dogs we had no such cholesterol-free standard 
diet and were obliged to make use of a number of entirely cliflFerent foods, 
differing as far as possible in cholesterol content, though even the non- 
cholesterol ones contained pIiytosteroL Little is known concerning the 
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Table III. 


! I Weight of ■ 

I Kxperi- j dog, in 
ment. kilo- 

i ' graimiR‘8. l 


A, — Animals killed two to fmr hours after a meal. (Terriers.) 


XII. 

7-36 

1 Brwtttl, white, cream 

10 

480 

, 0 -3892 

0 0811 

( xnr. 

8 13 

1 Raw bnun 

0 

430 

1 0 SSTS 

0*09(X) 

XIV. 

9*77 

Meal 

9 

680 

! 0 -5420 

0 0707 


B. 

— Aninmls killed tweniy-fanr hour« 

after a 

meal. 


XVI.* 1 

i 7*8 

I Meal 

7 ! 

624 

, 0 *4360 

1 0 ‘083 

i XVII. t ! 

91 

Raw hraiii 

14 

607 

0 -7626 

' 0-148 

; xvni.t 

19 '2 

: Raw brain -f bread 

24 

1140 

0 ‘8100 

; 0 -072 

j XIX.§ 

12-07 

' Bread, egg-wbite, (^reiun 10 i 

' ! 

760 

0*8132 

0-107 


Diet. 


1 i 

1 Diet 1 

1 Weight of 

j period, in 

blood, in t 

da^'H. 

grammes. * 


Per. 


1 


Weight of i . i 

oholeBterol j . i 

in the 

‘ in tin* t 
blood. [ 


blood. 


♦ Torrior. f Terri or ; dog jaumlioed. 

X Betriorer dog. § Collie dog. 


influence of food on the excretion of bile, but from ex])enmentB that liavo 
been made by various observers there is good reason to suj)p<)se that the 
nature of the diet would not be without influence. .Furtliermore, the dog is 
a discontinuous feeder and the flow of bile into its intestine wouhl be 
intermittent. Under these circumstances tlie portion of the floating (as 
distinguished from the constitutional) cholesterol in the lilood due to tlie 
rcabsorption of the cliolestorol of th(3 bile, would not necessarily be strictly 
comparable in these difforeut ceises. .AvS to what w(nild he the limits of such 
variation, if any, we have no data at prcflcut from wliich to form aii opinion, 
but a variation of the kind suggested might wholly or partially mask any 
variation due to the cholesterol absorbed from the food, which, at best, would 
not be great in absolute magnitude. In the first series of experiments (A) 
in which the animals are fairly comparable in weight and variety, the blood 
of the dog fed on brain shows a small increase in the percentage of 
cholesterol in its blood, though it would not be unreasonable to ascribe this 
to an extra bile flow due to the fatty nature of the diet. In the second 
series of experiments (B) in which the blood was taken after the digestive 
process was completed, the i)ercentages found were of much the same order 
of magnitude as in the first series, with the exception of Experiment XVII. 
It will be noticed, however, that tho percentage in the blood of the retriever 
dog fed on brain was slightly less than that in the blood of the dogs fed on 
meal, and bread and egg-white respectively. These animals were, however, 
very different in weight and were of difierent varieties. 
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Little value can be given to the high figure obtained in Experiment XVII, 
as the animal was ill at the time its blood was taken. 

It seems to us very doubtful whether the chemical methods of estimating 
cholesterol, which we have endeavoured to make as perfect as possible, are 
sufficiently accurate to enable us to draw definite conclusions without making 
an enormous number of experiments of this tyjje. We have, however, 
lecently found a material suitable for the food of cats, which can be rendered 
cholesterol-free, and a series of experiments are in progress to compare the 
efl’ect on the blood of the addition of cholesterol to such a diet both by 
clunuical analysis and by ooinparisons of the anti-hcemolytic effect of the 
sera. The results of these experiments, which we expect to give more 
definite information on this subject, we hope to make the subject of a com- 
munication in the near future. 

Tlie expenses in connection with this work were defrayed by means of 
a gi’ant made by the Government Grant Committee of the Royal Society, for 
which we take this opportunity of expressing our thanks. 


129 


The Ongin and Destiny of Cholesterol in the Animal Organism. 
Part lY.— The Cholesterol Contents of Eggs and Chicks. 

By G. W. Ei*lih and J. A. Gardner, Lecturer on Physiological Chemistry, 

University of London. 

(Communicated by Dr. A. D. Waller, F.R.S. Received January 15, — 

Read February 11, 1909.) 

(From the Physiological Laboratory, South Kensington, University of London.) 

In a paper recently communicated to the Royal Society* the hypothesis 
was advanced that cholesterol is a substance which is strictly conserved 
in the animal organism. As it is difficult to conceive how a body of 
the constitution of cholesterol can be synthesised in the organism from 
proteids, carbohydrate or fat, it was suggested that tlie waste of cholesterol 
might be made up from the food taken by the animal. In order to test the 
correctness of this view wc thought that evidence of fundamental importanc 
might be obtained by comparing the cholesterol content of eggs and newly- 
hatched chicks, and also by ascertaining whether chicks could be reared and 
would thrive on food deprived of its cholesterol or phytosterol. In this 
paper we give an account of our estimations of cholesterol in hens* eggs and 
newly-hatched chicks. 

Method of Ediiinaiion , — The weighed egg or cliick (including broken shell) 
was pounded up in a mortar with sand and sufficient plaster of Paris to 
cause the whole to set after a time to a dry mass. This was powdered and 
extracted in a Soxhlet’s apparatus with ether for about twelve days. The 
ethereal solution of the extract was saponified in the cold by means of an 
alcoholic solution of sodium ethylate. After standing overnight the 
precipitated soap was filtered oft* and thoroughly washed with ether. The 
filtrate and washings were repeatedly shaken witli water to get rid of 
alcohol, excess of alkali, traces of soap, etc., dried with calcium chloride and 
the ether distilled off. The residue was dried at 100® 0. and weighed. In 
the case in which single eggs or chicks were analysed, the dry residue, 
dissolved in 10 c.c. of pyridine, was mixed with about three times its weight 
of benzoyl chloride also in solution in 10 cx. of pyridine. After standing 
overnight the lifiuid was poured into water, and the precipitated cholestero) 
benzoate after drying was boiled with 10 c.c. of absolute alcohol and allowed 
to stand some hours. The crystals were filtered off, washed with r little 

♦ * Boy. Soc. Proc.,’ this vol 
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absolute alcohol and weighed. In all cases these crystals were colourless, or 
nearly so, and melted approximately correctly. The filtrate arid washings 
were separately measured, and corrections, which had been ascertained by 
previous experiments, made for the solubility of cholesterol benzoate. When 
cholesterol benzoate was crystallised from absolute alcohol the mother liquor 
at 21° C, contained 0’12 per cent. When, however, ready formed crystals 
were shaken for a short time with alcohol at 20° C. and filtered, the filtrate 
was found to contain only 0-04 per cent. When a number of eggs or chicks 
wei'o analysed together, the unsaponified residue was crystallised from 
alcohol, and as much pure cholesterol as possible u^as isolated, melting at 
14o° — 147° C. The mother liquors were then evaporated to dryness, 
benzoylated in a pyridine solution as described above, and the benzoate 
weighcxl The soaps precipitated on saponification were collected together in 
two lots, comprising respectively the total amount obtained from all the eggs 
examined, and the total amount obtained from all the chicks. These were 
separately mixed with about twice their weight of salt, water added, and 
after evaporating to dryness were thoroughly extracted with ether. In 
neither case could any appreciable quantity of cholesterol be isolated. 

In Table I the analysis of eight eggs is given, and in Table II the analysis 
of eight chicks. 

It is obvious from these figures that no increase in the quantity of 
cholesterol takes plkce during the change from ovum to newly-hatched chick, 
the average percentage of cholesterol in eggs being 0’3827, and in chicks 
0*3693, or in tenns of the weight of the original eggs 0*3172. The same 
result follows, no matter whether we take the figures for crude unsaponifiable 
matter, or those for pure cholesterol. 

At first sight it would apj^ear that a loss of cholesterol occurs, but taking 
into account the facts that the difference between the average percentage of 
cholesterol in eggs and chicks (column e) — 0*066 — is of much the same order 
of magnitude as the average deviation from the mean in the two coses, 
viz., 0*057 for eggs and 0*075 for chicks. That individual eggs differ 
considerably in the loss in weight which takes place during incubation, that 
there is no reason to suppose that the proportion of yolk to white in 
different eggs is very constant, and that the method of estimation of 
cholesterol does not possess a very high degree of accuracy, it would seem 
probable that no change in the quantity of cholesterol takes place, and that 
all the cholesterol of the egg is contained in the newly-hatched chick. In 
order to obtain a more accurate value for the cholesterol content of eggs and 
chicks, six eggs and six chicks were analysed together, as the greater thfe 
quantity of cholesterol weighed in an analysis the more accurate is the 
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Table I. — Analysis of Separate Eggs. 


No. 

Weight of 
egge in 
graminea. 

Weight of 
unaaponifieble 
matter 
in grammes. 

.Weight of 
cholesterol in 
grammes. 

Percentage 
of oholestml. 

1 

67-88 

0*4024 

0 2248 

0*8881 


67-67 

0-8490 

0-1978 

0*8486 

d 

53 ‘32 

0*3066 

0*2104 

0 8946 

4 

68 -48 

0*8708 

0*2162 

0-8697 

5 

62 *70 

0*3366 

0*1866 

0*2663 

6 

65 *40 

0 *8628 

0*2682 

O4061 

7 

67 -30 

0 ‘3923 

0 *2670 

0*4485 

8 

56*45 

0 ‘8735 

0 *2514 

0*4584 

Total ... 

467 *66 

2 ‘9488 

I 

1-7509 

0*8832 


Table II. — Analysis of Separate Chicks. 


No. 

Weight of 
eggs in 

Weight of 
chicks in 

Weight of 
imsaponifiable 
matter 

Weight of 
oholostorol 

Percentage 
referred 
to weight of 

Cholesterol 
referred 
to weight of 


grammes. 

grammes. 

in grammes. 

in grammes. 


chick. 


a. 

5. 

c. 

4. 

e. 

/. 

9 

69-80 

56 *20 

0-8490 

0*2014 

0 ‘8868 

0 *8649 

10 

58*14 

68 *20 

0-3180 

0-1819 

0*8129 

0-8419 

11 

67*66 

01 *10 

0*4416 

0-1488 ; 

0 *2121 

0*2345 

12 

68 *10 

46*20 

0 *8768 

0-2692 

0*4461 

0 *6(510 

18 I 

68-80 

62 ‘80 

0*2966 

0-2961 

0*6062 

0*6642 

14 

58 -28 

49-56 

0*2090 

0-1074 

0*2018 

0*2168 

16 

62*56 

48*06 

0 *4815 

0-1298 

0 *2470 

0*2701 

16 

66*16 

46*60 

0*8860 

0-1602 

0 *2723 

0 *8801 

Total 

462*84 

411 *10 

2 -9108 

1-4663 

0-8172 

1 0-8698 

1 


result In Tables III and lY the figures thus obtained are compared with 
the total values for the eight eggs and eight chicks dealt with in Tables I 
and II. As in the latter case the eggs used were taken indiscriminately 
from various farmers, whereas the eggs analysed together were specially 
aeleoted hatchable eggs obtained from the dealer, we give in another column 
the total values for the eggs analysed peparately after eliminating the 
■abnormally heavy and abnormally light eggs, Nos. 1, 5, 11, and 15. 

The pero^tages of cholesterol in eggs and chicks calculated from the data 
■obtained by analysing a number of eggs or chicks together are nearer the 
truth than the averages obtained from the analyses of single eggs or chicks, 
as in the latter case the errors of tbe various estimations would be 

K 2 
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Table III. 



Weight of 

Weight of 
Unsaponifiahle 

Weight of 
cholesterol 

Percentage 

of 


in grammes. 

matter 
in grarumes. 

in grammes. 

cholesterol. 



6 eggs analysed together | 

1 i 

869 *00 1 

2*4026 

' 1 *7678 

0-4898 

8 eggs analysed separately 

1 467 *56 

2 *9488 

1 -7609 

0-8827 

6 eggs analysed separately ; same 

1 387 *62 

2*2199 

1 *8910 

0 *4121 

as above, eliminating 1 and 6 

1 

! _ i 

j 

1 

1 



Table IV. 


6 chioke «tJ 2 alv»ed together 
8 cluoke ftiMUjeed M^puotely | 
6 oluek» iuialy»ed sepamtel^ ; I 
name aa aliMTO, elimmating | 
11 and 16 


Weight of 
eggs in 
grammes. 


840 -2 
408-84 j 
848-78 I 


Weight of 
ciiicks in 
grammes. 


302 
411 *1 
301-91 


Weight of 
iinsaponl’ 
fiable 
matter in 
grammes. 


1 -7805 

2 -9108 
1*9878 


W eight of 
oholosterol 
in 

grammes. 


I -6914 
1^1383 
11952 


Percentage | 
referred | 
to weight 
of egg. 


0*4677 

0-3172 

0*3487 


I Oliolesterol 
referred 
to weight 
of chick. 


0-6370 

0*8693 

0*8968 


acoumulated. A comparisoa of the figures again shows that no gain in 
cholesterol takes place during the incubation of the chick. Whether the 
cholesterol of the egg remains unchanged, or whether some loss occurs, 
cannot be definitely decided. 

Gonchmona. 

In the differentiation of the ovum into the complex aggregates of oella 
constituting the chick, no formation of cholesterol takes place. This is in 
accordance with our view that cholesterol is not synthesised in the organism. 

This work has been carried out with the help of a grtmt which was m a d e 
to us by the (Jovamment Grant Conunittee of the Royal Society, for which 
we take this opportunity of expressing our thanks. 
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On the Cross-breeding of Two Races of the Moth Acidalia 

virgularia. 

By Louis B. Prout, F.E.S., and A Bacot, F.E.S. 

(Communicated by Leonard Hill, F.B.S. Received January 8, — Bead 
February 26, 1909.) 

A. Introduction. 

The general interest which has been aroused of recent years by the various 
researches whioli have been undertaken in investigation of the working of 
Mendel’s Law of Heredity, and the adaptability of the Order Lepidoptera to 
such investigation, have led us not only to reconsider the results of some 
earlier and undirected experiments in moth-breeding, but also to seek out 
some peculiarly suitable species in order to take in hand a more exhaustive 
course of study along the lines most likely to yield further results in eluci- 
dation of Mendelism. 

R6mm.4 of sonu Previous Bearing Etiqieriments. 

Perhaps a brief reference should be made to our previously recorded 
attempts at pedigree-breeding. 

Lasiocampa guercHs . — Crossings of the various local races were carried out 
extensively by A. Bacot and J. C. Warburg in 1896-1900, and the results 
of their work detailed in 'The Entomologist’s Record,’ voL 18, pp. 114-116, 
237-240, 256-269, 313-317, 338-342. The outstanding feature, as regards 
a possible bearing on Mendelism, is that two races from the same 
geographical region, when hybridised, produced progeny that segregated 
into the two parent forms, whereas when the southern French var. 
mmdionalis, Tutt, was crossed with the Scottish var. ealltmtx, Palmer, no such 
segregation occurred, the larvie being of an intermediate type. 

Forres — Trifhmm comes {Agrotis comes, Stgr. Cat.). — Some rather 
unsystematic breeding experiments with the interesting Forres forms of this 
species were made in 1902-1003 by ourselves and others, and are recorded 
in ‘ The Entomologist’s Record,’ vol. 15, pp. 217-221 ; vol. 16, pp. 1-5. 
The progeny from two wild melanic females 8^p:egated, that from $ A 
being divisible into 74 typical and 93 melanic, that from $ B into 39 typical 
and 22 meknio. From brood A offspring was obtained, namely, a batch 
from a single melanic pairing and a batch from melanic “ stock ” ; the former 
gave 25 tjrpioal and 62 melanic, the latter 20 typical* and 48 melanic; 

* “ Nina ” in ' Snt Reo.,’ vol. 16, p. 3, line 18, is a laps. cal. or miapriut for “ eeven.”— 
L. B. P. 
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the total, therefore, 45 typical and 100 melanic. Thus the segregation was 
Mendelian in its completeness, but less so in its proportions, 

Glnny. — A little later, A. Bacot followed up this exf)eriment with another 
on the same species, this time with material from Cluny, Aberdeenshire. 
The results are recorded and discussed in the * Proceedings of the Entomo- 
logical Society of London ' for 1906, pp. Ixvii-lxxi,* and more briefly in ‘ The 
Entomologist's Eecord,* vol. 17, pp. 340 341. In the generation 60 per 
cent, of non-melanic against 40 per cent, of melanic were reared from 
melanic S x non-melanic ? , lii F® 100 per cent, non-melanic appeared 
from non-melanic parents, the melanic ^ grandparents showing no influence ; 
on the other hand, from extracted inelanic pairings of like parentage, F* 
consisted of : in two broods, 30 per cent, non-melanic to 70 per cent, melanic ; 
in another brood, 21 per cent, non-melanic to 79 per cent, melanic. In F®, 
so far as tested, both forms bred true, ic., two pairings of non-melanic x non- 
melanic produced non-melanic offspring only (6 and 22 specimens 
respectively), and two pairings of melanic gave melanic only (24 and 
12 specimens respectively). The strain was becoming weakly through in- 
breeding, and here died out. There is some suggestion here that non-melanic 
is recessive to melanic, though some of the proportions ai*e rather inexact « 
Xanthorhoe femigata {Coremia unUentaria ). — A long series of experi- 
ments, extending from 1894 to 1898, was undertaken by L. B. Prout with a 
view to obtaining light on the curious colour-dimorphism of this species, 
and the results have been published in considerable detail in the 
* Transactions of the City of London Entomological and Natural History 
Society ' for 1897, pp. 26-34, and Tutt's ‘ British Lepidoptera,’ vol. 5, 
pp, 61-64, and summarised in a later memoir, entitled '' Xai/Uh^hoii ferrugata 
and the Mendelian Hypothesis ” (‘ Trans. Eat. Soc. Lond.,* 1906, pp. 525-531), 
These showed, as Mr. L. Doncaster pointed out in an interesting supple- 
raenUiry note (‘ Proc. Ent. Soc. Lend,,’ 1907, pp. xx-xxii), roughly Mendelian 
l)roportion8 on the assumption that the black form was lecessive to the 
purple. It seems to us curious, however, in spite of the large percentage 
of deaths which introduced a factor of indefiniteness, that one pairing of 
heteroxygotes (No. 3 on p, 628 of the paper) should have yielded in Fi 
11 specimens showing the recessive coloration as against only 6 showing 
the dominant— the “expectation” being 4 recessive against 13 dominant, or 
at best ^ 6 against 12. At any rate, the species shows nearly complete 
segregation, and will be a valuable one for future Mendelian research. 

C. dominula. — We may further mention that Mr. L. W. Newman, of Bexley; 
a careful and successful breeder of Lepidoptera, has recently obsery^ 
* On p. 18, line 8, “46 %” is a misprint for “40 %.”— L. B. P, 
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apparent Mendelian dominance in the typical form of Callimorpha dmiinvla 
over its yellow-hindwinged aberration rossim, and of Abraoaas groBmlariata 
over the aberration varleyata. He has very obligingly furnished us with 
statistics, so far as the experiments have yet gone ; and as they are hitherto 
unpublished, we take this opportunity of putting them on record. Of 
C. dominuLa^ a type x rossica $ paired in 1906 produced in 1907 a brood 
consisting entirely of typical specimens ; a pair of these gave in 1908 the 
following result: 34 typical, 10 ab. rossica — there was a great mortality 
among the larvae before and during hibernation, fully 60 per cent, dying. 
Of Abrams grosmlariata^ a type J x varleyaia $ paired in 1907, produced 
in June-July, 1908, a brood consisting entirely of typical Bpecimens; 
pairings from these gave, as a partial second brood, October-Novembor, 
1908, 24 of the type (including one aberrant but mt varleyata) and 7 ab. 
mrleyata — the rest of the larvte now hibernating. 

After some consultation we decided upon the small geometrid moth known 
as Acidalia (or Ptych>opoda) virgularia, Hiib., as meeting the essential condi- 
tions. There are, be it observed, practical difiBculties to be encountered with 
many species, which have been overlooked by theorisers on the nature of the 
work that ought to be done by Lepidopterists. Thus many moths are 
exceedingly difficult to pair in confinement; many are extremely averse to 
inbreeding, so that an inbred strain cannot bo continued beyond two or 
three generations ; many are difficult to bring through the winter, or require 
food-plants which are not always obtainable. 

Convenience in Bearing, — Addalm virgularia, on the other hand, will feed, 
apparently, on almost anything belonging to the vegetable kingdom, leaves 
of all sorts — whether fresh or withered — sliced can’ot, etc., proving equally 
acceptable to it ; it pairs very readily, is continuously-brooded throughout 
the summer, feeds up rapidly and generally without need of hibernation, 
and does not deteriorate through continuous inbreeding; moreover, its 
small si«e is a practical convenience both for the accommodation of large 
numbers of larvae in a small space and for bringing large numbers of the set 
moths under the eye at the same time. Few, if any, other British si>ocies 
would offer all these advantages to the same degree ; and as Acidalia 
virgularia produces in tlie south of France a race so different-looking from 
the British that more than one British field naturalist on seeing it has failed 
to recognise even the species, it is not difficult to trace the influence of the 
respective par^t strains in crossings. 

Origim, of — Ova and pupae of the southern French form were kindly 

supplied by Mr. H. Powell, F.E.S., from Hy^^re8 ; wild moths of the London 
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form by Mr. J. E. Gardner, of Clapton, N.E. The former race is distin- 
guished by its white or cream-coloured ground, almost devoid of grey 
dusting, and scarcely variable except in the intensity of the transverse black 
lines, which may be strong (the tendency in the particular strain with which 
we worked), or broken up into dots, or obsolescent ; the latter is variable 
within limits, but always with the pale (not white) ground-colour profusely 
dusted with dark grey atoms, whether these be uniform throughout or more 
concentrated in certain areas. The Hyferes form k therefore described in our 
experiments as “ light ” (L), the I^ondon form as “ dark " (D). It is necessary 
to add that more or loss intermediate phases of variation occur in some 
parts of Germany, Italy, etc., so that we have been dealing with local races 
rather than fixed recurrent aberrations or witli incipient species. 

The first cross-pairing was obtained on June 21, 1906, and filial generations 
I-X (Fi to F30 on the well-known Bateson metliod) appeared from August, 
1906, to November, 1908. Altogether, 5531 specimens have been analysed 
in preparing these notes, so tliat they may be regarded as fairly compre- 
hensive as an indication of the behaviour of this particular cross-pairing. 

B. Statistical Eksults. 

General Remarks, — Altogether our breeding of Acidalia mrffularia has been 
carried out to the tenth filial generation, and 6531 specimens have been 
subjected to careful analysis, exclusive of a few which have been more 
indefinitely summarised but which are confirmatory of the general results. 
We feel that we may, therefore, speak authoritatively on the general course 
of inheritance in the cniss-breeding of these races, and that the imperfection 
of our statistical analysis is not due to ignorance of the forms with which we 
are dealing, but to the fact that their hybridisation really gives m aegrega* 
timi capable of aTvalysis by the human eye. It is necessary to dwell somewhat 
on this point. At first sight it might appear a confession of incompetence to 
have to state"-a8 we do quite fraukly~tbat our figures are only approxi- 
mations, and that in many coses a re-count (either by another entomologist or 
even by ourselves) might easily result in a slight modification of them ; but 
when it is understood that there is, in the cross-breeds, every cotK>eivabl 0 
intergrade, it must be manifest that the distinction between *‘'dark” and 
'' intermediate” on the one hand, and “light” and “intermediate” on tlie 
other, becomes purely one of degree, and it is absolutely impossible to draw 
a perfectly consistent line throughout. Having made a special study of the 
family for nearly twenty years, one of us (L. B. P.) can at least 

claim to have acquired that eye fbr slight differences in them that will have 
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safeguarded him against any material error of judgment in the present 
investigations. 

As regards the pure stock, or presumable homozygotes, inbreeding for 
ten generations, under more or less artificial conditions, has not had the very 
slightest influence on the pretty Hyferes form nor, in the aggr^ate, on the 
London form. Excepting a single dark specimen, which was obviously an 
accidental importation (perhaps on food-plant, as the moth is so common in 
Mr. Bacot’s neighbourhood), upwards of 400 specimens show not the slightest 
deviation from the clean whitish ground-colour which characterises the Hyferes 
race. The dark form, which varies more in a wild state, naturally showed 
a greater range, and one or two broods, apparently by some accidental 
selective agency, became lighter than tlie normal ; but here, e^ain, we can 
confidently aftirm that, among some 400 specimens, none have occurred 
which could possibly be mistaken for the “ light.”* It follows, therefore, that 
the bulk of those which we have classed as “ intermediate " can be with 
certainty explained as blends originating from the hybridisation. 

Crosses obtained. — Cross-pairings were obtained in each generation, usually 
in reciprocal crosses, and in not a few instances in duplicate. In many cases 
the progeny of the crosses was also carried on down to the generation 
collateral with that of Fio from the original cross. The complete scheme 
upon which we intended to work may be indicated as follows : — 

Pure dark (D). — Fx to Fio. 

Pim light (L). — Fi to Fxo. 

Bark hy light (called cross-pairing A). — Fj to Fio. 

Light by dark (cross-pairing a). — ^Fi to Fi#. 

Bark by liglU, ex Fi (if). — Fa to Fio. 

Light by dark, ex Fi ( 6 ). — Fa to Fj#. 

Bark by light, ex Fa {C). — Fs to Fw. 

Light by dark, ex Fa (c). — Fa to Fio. 

Bark by light, ex Fs (i?).— Fo to Fio. 

Light by dark, ex F» (c). — F* to Fw. 

Bark by light, ex F 4 (F). — Fo to Fw. 

Light by dark, ex F 4 (/).— Fo to Fio. 

Bark by light, ex Fo ((7).-r-Fo to Fio. 

Light by dark, ex Fo (g). — Fo to Fio. 

Bark by light, ex F* (i?).— Fj to Fw. 

* One oorioua strain is dealt with 'separatsly below, os its actual origin ie altogether 
proUematioai. 
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Light hj dark, ex i\ (A). — F7 to Fio. 

Bark hy light, ex F7 (/), — Fs to Fw. 

Light hy dark, ex F7 (t). — Fs to Fi©. 

Bark hy light, ex Fg (/). — F® to Fio. 

Light hy dark, ex Fe {j ). — Fs to Fw. 

Bark by light, ex F9 {K ), — Fio. 

lAght hy dark, ex F^ (/;:). — Fio. 

Or in tabular form (eee p. 139). 

The actual hiatus in the carrying out of this scheme will be seen from 
the details which follow. The number of the dark x light crosses that 
faded out would suggest some inherent tendency to weakness in this rather 
than in the reciprocal cross ; yet the oldest hybrid of all was a dark x light (-4) 
and continued vigorous to the last. None of the hybrid strains was labelled 
" this letter being reserved for the pure dark strain. 

In addition to these systematic crossings, a few quadroon broods and 
complex crossings of hybrids were obtained. 

Most of the continuations of the broods were from single pairings, but 
occasionally — as when a number of specimens had emerged simultaneously 
and we could not be sure that they had not mated unobserved — we bred from 
stock. The question of the influence of individual parental characteristics as 
opposed to broader racial ones was not the least interesting in connection with 
our work. 

It is to be remarked that the percentage of deaths in the early stages was 
generally quite insignificant, and that many of the broods reared to the imago 
state were so rich in individuals relatively to the fecundity of the 8j>ecieB, 
that our statistics are incontrove»tibly much more representative than those 
obtained from Xanthorhoe ferrugata, where the pupal deaths were often 
enormously numerous. 

Since it is impossible to forecast what statistics may ultimately assume 
unexpected importance, the following record tends to err, perhaps, in the 
direction of over-completeness. Such deductions as we have been able to 
draw from the mass of figures will be reserved for the next section of this 
paper. 

Brood A . — This was started in duplicate, one of the strains being lost at 
Fft. The reciprocal cross (a) was not obtained, as we had no dark ? of 
assured virginity. 

(1) In the generation Fi there were 62 specimens, all true intermediates 
with variation inconsiderable. In Fa, 66 specimens, variation considerable, 
5 quite dark (perhaps less hrowniah than the pure Clapton race), otheta 
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approaching this or mottled or banded with dark; none approaching the 
pure light form. In 21 specimens, variation slight, follow their actual 
parents mr^ closely — ix. all were intermediates. In F 4 , 54 specimens, variation 
rather considerable in $ s, less in * 8 ; 2 ? dark, much as in Fa ; several 
(jiiite as light as Fi, none pure light. In Fs, 47 specimens, variation rather 
considerable, none very light, 7 (4^?, 3 $ ) dark. 

( 2 ) In generation Fj all were true intennediates, though somewhat 
varialde ; a subordinate race-characteristic was jierhaps adumbrated, which 
became more pronounced in a few specimens of each brood from A 2 to 
namely, a tendency to darkening in the ouUvr area of the wings (a common 
characteristic of some species of Aciiialia, such as A. polUata, etc.). In 
Fa-Fe the variability increased, birt according to no fixed rule ; in Fe (20 
specimens) the range was from almost pure lig})t (very weakly marked) to 
almost pui^ dark, with intergrades. Two pairings were obtained in Fe, one 
of light X light, the other dark x light ; the former yielded, as F 7 , 47 
specimens of remarkable constancy, most of which might be called pure 
light, three perhaps light-intermediate ; the latter yielded, as F 7 (from fine 
dark ^ x light ? ), some half-dozen specimens only. Fh, from the former of 
the two F 7 broods, consisted of 13 pure light and one ((J) interxnediate ; 
another Fg, from stock (of the latter of the two F 7 ’broods), also of 14 
specimens, differed strikingly from its cousin brood in tone, all being inter- 
mediate, and Bomewl)at variable. F# was again duplicated, one batcli 
(labelled A ix O), from light parents, consisted of 81, the majority light, but 
only about 30 per cent, pure light ; the other batch {A ix #), also from light 
parents, gave 6 only, all pure light. Fjo (ex. A ix ©), 21 specimens, ranged 
from light (1 or 2 ) to true iutermodiate (2 or 3 ), the majority light but very 
slightly dusiaL 

Brood B . — Carx'iod only to the fifth generation (strictly speaking, the 
fo'wrih generation ; but, as shown in our “ scheme,” it has been thought better 
throughout to give uniform numbering to collateral lines, ir., to regard as Fa 
the grandchildren of the original stock even though with strain B the 
crossing of the two races only commenced a generation later, with strain C 
two generations later, and so on). In generation Fa there were 14 specimens, 
variation inconsiderable, all intermediate, lines rather weak. In F 3 , 34 
specimens, variation not great, similar to parent brood, but 3 or 4 distinctly 
light — beginning to “ throw back ” towards ? grandparent. For F 4 a 
duplicate pairing was obtained ; one brood, 31 specimens, averaged distinctly 
paler than Fa, several closely approaching the pure light; the other brood, 
52 specimens, also varied little, but more closely resembled the parent brood, 
only 3 or 4 ( ? * 8 ) being whitish the rest intermediate. In Fa, from the 
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former of the two r 4 broods, 32 specimens varied little, though not absolutely 
inappreciably, all light, yet not quite so pure as the original Hyferes strain. 

Brood 6 . — Obtained in duplicate, one strain carried on to generation F*, 
the other to Fio. 

(1) An interesting strain on account of an apparently hereditary pre^ 

dominanc/e of tlie female sex, figures therefore given in full. In Fa 
(28 c?,36 9 ) all were intermediates, though somewhat more variable than 
most first crosses. Fa was duplicated; one brood (13 cJ, 17 9 ) showed 
considerable variation, ranging, in both sexes, from pure dark, through 
intermediates, to nearly, but not quite, pure light ; the other brood 
(13 cJ , 24 ? ) also varied rather considerably : 3 almost pure dark, a few 
others approaching these, othem intermediate or lightish, 7 with a 
characteristic facies, almost of the pale, well-lined Hy^ires form, yet less 
extreme and less white. F 4 , from the former of the Fs broods, consisted of 
14 , 25 9 : both sexes quite variable, several dark, 1 or 2 ? ’s light (not 

strongly lined), the 9 'b thus averaging somewhat the lighter. In F 5 
(17 c?* 27 9 ) the range of variation was much as in F 4 . Adding the above 
numbers together, we find that this strain yielded only 85 against 129 9 , 
a pmportion of 2 : 3. 

(2) This proved on the whole a very stable strain, though generations F 4 
to Fa varied more. Fa was very uniform, intermediate. F 3 (7 only) similar, 
may have been a shade darker and a few showed a dua'k hordeVy which 
became a feature of the strain, F 4 distinctly variable, though not quite 
reaching either extreme; a dark central shade, quite a feature of some, 
lacking in otliers. F 5 (19 only) very similar to F 4 , but smaller, and perhaps 
hardly so variable. Fa (66) strongly variable, particularly in the expression 
or suppression of the two rows of transverse dots, there being a sudden 
outcrop of specimens in which they are very pronounced — none such being 
observable in Fa to Fa. Where these dots are on a white ground 
(14 specimens), “ pure light '' is produced ; the rest are intermediate to dark, 
none very dark. F 7 consisted of 3 only, intermediate, weakly marked, but 
2 with the borders darkened. Fg, 23 specimens, a singularly uniform brood, 
a phase of “ intermediate “ without strong dusting or lines of dots, the distal 
margin often darker. F 9 was duplicated, but both the broods (46 and 
11 specimens respectively) closely followed Fg, though a few in the larger 
brood were a little more heavily dusted. Fio was almost a failure, only one 
(intermediate) specimen coming through. 

Brood C.— Continued to generatioxi F®. In Fg there were only 3 poor 
specimens, apparently intermediate, but no exact analysis possible. F4, 
a large batch, moderately variable, range from almost pure light to darkish 
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but hardly dark ; about half tend toward the light side. Fj are similar to 
Fi, but perhaps less variable, very few pure light; might in the aggregate be 
termed light-intermediates. Fg, 36 specimens, are pretty variable, about 
11 light (only with a stronger central shade than in the pure Hy^res strain); 
1 or 2 others nearly as light, weaker-marked ; the rest intermediate to darkish, 
nothing extremely dark. The darkest pair available was used for parentage 
of Fs. F(j (4 c?, lb 9) are rather large, variable, the average dark, could 
perhaps be classitied as 11 (3 cJ, 8 9) dark, 6 ( ? ) intermediate, 4(1 cj , 3 9 ) 
light, though not quite puio, but there are very gentle gradations ; duplicate 
pairings out of r7 (labelled C viii (2) and C viii (3)) vary somewhat less, 
C viii (2) (33 specimens) being intermediates, slightly variable in detail, and 
C viii (3) all being possible London forms (i.r., dark), variable only in detail 
Fd was obtained only from the second of the above {C viii (2)) ; the specimens 
numbered 35, still intermediates, not unlike the parent brood. 

Brood c , — Continued to generation Fio. F3 consists of 7 only, inter- 
mediates, apparently not variable. F4 varies from almost extreme light to 
almost extreme dark, but with intermediates which preclude any possibility 
of splitting up into darks and lights. (16 only) is similar, but the 
preponderating tendency is on the dark side, only one being really light with 
strong lines of dots. Fe, 29 specimens, is perhaps even more variable, 4 or 
5 at least being pure dark, 6 or 7 at least pure light, others nearing both 
extremes (especially the light side) and a few intermediate. F7 (from light 
(J X dark ? ) showed quite moderate variation, most being rather uniform, 
lightish intermediate, 2 or 3 ((J) darker, without being strikingly dark. 
Fa, 52 specimens, are very variable : about 12 pure dark, about 12 pure light 
(only with well-expressed central shade), the rest grading through. F* was 
bred in triplicate ; brood c ix ©, 30 specimens, from intermediate parents, 
are very uniform, all being possible Clapton forms (dark), only 2 or 3 a little 
paler than would be normal for Clapton ; ix , 7 specimens, from lightish 
parents with distinct dot-lines, follow the parents closely; the remaimug 
brood (stock ?), 66 specimens, shows moderate variability, but mainly inter- 
mediate, the few darks and the few lights hardly quite pure. Fw was nearly 
a failure, but 5 specimens ex brood c ix © arc all dark, 6 ex c ix 0 all 
lightish, reproducing their parents* facies. 

Brood K — Only continued for two generations. The original pairing, ex 
generation Fa, was obtained in duplicate. 

(1) In generation F4 56 specimens were reared, all intermediate, the 
variation not considerable. In F5, 83 specimens, the variation is con- 
siderably greater, ranging from darkish (not extreme) to specimens closely 
approaching the pure light strain, though slightly less pure, with oeutral 
shade better indicated. 
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(2) In generation Fi 68 were reared, all intermediate and remarkably 
constant. Excepting the slight sexual dimorphism, the variation might be 
said to be practically niL Progeny not obtained, 

Bkood e . — Continued to generation F?. F4 consisted of 77 specimens, all 
intermediate except, perhaps, one brownish ? , which resembles some of the 
lightest Loudon forms; the other 76 exceedingly constant. In Fft, 
49 specimens, the variation is much greater, ranging from a few of each 
aex quite resembling the London forms to a few whitish, though certainly 
not pure. F®, 78 epecimeus, extremely variable, though not definitely 
segregating ; a few very dark, several darkish, one darkened in outer area, 
numerous intermediate, numerous light or lightish, the black dot-lines then 
generally (not always) well expressed, some with, some without, the dark 
central shade, 2 or 8 agreeing fully with the pure light strain. In Fj only 
6 moths were bred, fronx stock, vanable from dark to light. 

Brood T . — Continued to generation Fg. The original pairing was 
duplicated. 

(1) Fg, 29 specimens, singularly enough, acted differently from all the 
other first crosses, being virtually a pure light brood, and we hoped 
that, for once, the light ? parent had acted as a dominant. Fortunately a 
large offspring was obtained (from stock) consisting of 150 specimens. These 
(Fg) are much more variable than Fg, but cannot be split up into light aixd 
dark definitely ; roughly classified, we made 45 light (perhaps a dozen pv/re 
light), 96 intermediate, 10 dark (none extremely), but the gradations are so 
extremely slight that a re-count would be almost sure to modify the 
figures somewhat. Two pairings were obtained : one brood of F7 (ex 
light cj X dark ? ) yielded 7 specimens, all more or loss intermediate, 

3 more dusted than the other 4 ; the other brood (ex light ^ , with strong 
dot-lines), 6 specimens, all rather light, but only one with the lines sharp. 
Fg, from a pair of the lightest specimens in the former of the last-mentioned 
broods, again proved numerically inadequate, only 7 coming through ; tliese 
are rather variable, 6 being on the lighter side (2 or 3 pure, the others grading 
towards intermediate), the seventh strongly dusted (dark intermediate). 
A-ttempts to continue the strain proved unsuccessful. 

(2) Ft here consisted of 47 8i>eoimens, the variation not considerable, the 
general facies being very uniform, but the colour ranging from lightish (not • 
pure) to a lightish intermediate. Of&pring was not obtained. 

Brood /, — Continued to generation Fn>, though then on the verge of 
extinction. F&, not variable, would certainly be classed as true intermediate, 
though ratl^r on the light side. Fg, 64 specimens, is much more variable, 
two or three b^ng pure light, several others closely approaching it, many 
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intermediate, and a few ratlier dark. F7 (ex light c? x dark ? ) consists of 
32 specimens, extremely uniform, all intermediates, with fairly distinct dot- 
lines, Fb, 44 specimens, again vary, yet witlx no al^solutely pure white, and 
only 3 or 4 very drongly dark-dusted, nothing extraordinarily dark. Duplicate 
pairings were here obtained ; from a rather dark cJ x rather light ? , spi'ang, 
as r» (labelle<l fix ©), 28 specimens having a similar range to Fg; from an 
apparently intermediate pair, the ? darkened in outer margin, 33 specimens, 
rather constant, intermediate, nearly all well dusted on a whitish ground. 
Fuh ^ specimens only, agree with the F^ brood last mentioned, from which 
they sprang. 

Brood (L — This cross was obtained, hut not propagated beyond the single 
generation (Fe). The brood consisted of 69 specimens, slightly more variable 
tlian most first crosses, yet in no way startling. Most arc quite normal 
intermediates, 2 or 3 might better be classed as dark, yet not extreme, 

Brood /y. — Continued to generation Fio. In Fe, 35 specimens, the variation 
is inconsiderable, all being intermediate, tliough such variation as there is is 
towards the Light ” side. F? was obtained from a lightish pair, and yielded 
4 lightish specimens. Fb, 47 specimens, was again rather constant, a light- 
intermediate. F9 was obtained in duplicate ; one Imtch (labelled y ix ©, 
parents rather weakly marked) consisting of 18 specimens, intermediate, 
nearly all weakly marked, the colour ranging from darkish to lightish without 
extremes ; the other batch (y ix from a better-marked pair) considerably 
variable, 49 specimens, mainly well-lined, about 12 almost the pure Hy^res 
form, 3 or 4 approaching the London form, many intermediate. Fio 
47 specimens from the last-namcil brood, follows it well on the whole, nearly 
all being well-lined, though there is much variation in tone and many 
(especially of tlie darker ones) axe rather strongly darkened towards the outer 
margin. 

Brood H , — Continued to the second generation of the cross, that is, to Fg. 
F7, 56 specimens, is veiy constant, and very typical of the normal “first 
cross — all intermediate. F», 49 specimens, is very variable ; hardly any are 
quite pure light, only 1 or 2 pure dark (and not very intense) ; but there is 
almost every other variation, in size, strength of markings, general facies, 
and ground-colour. 

Brood 4.— CJontinued to generation Fio. In F7, 12 specimens, the variation 
is very slight, all being lightish intermediate. Fg, 36 specimens, is decidedly 
valuable, the range being from pure light to darkish intermediate, with the 
usual intergrading. ¥% was duplicated; one batch (from light, well-lined 
parents) yielded 17 specimens, variable from pure light (though not intensely 
white) to intermediate, 11 or 12 having the lines rather stroi^ ; the other 
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batch yielded 16 speoimene, hardly variable, intermediate to ligbt-inter- 
mediate, weakly lined for the most part. From the former of these batches 
sprang, as Fio, a brood of 17 specimens, rather constant, with a uniform facies 
which struck one as recognisable even when they were emerging ; all are 
intermediate in colour, the dusting weak, the lines rather strong. 

BhoOD /. — Obtained but not carried on. The single family (Fa) consists of 
46 specimens, intermediate, decidedly constant. 

Broob L — Continued to generation Fio. Fg conaists of 22 specimens, 
rather constant, normal intermediates. was obtained in duplicate ; from 
one pair (labelled i Q) resulted a very variable brood of 32 specimens: 
5 or 6 pure light, others near, 7 or 8 pure dark (some quite extreme), others 
near, and various intergrades; from the other pair (labelled ^ <^) another 
variable brood, of 12 specimens only, mostly lightisli-interinecliate. 1 almost 
pure light, though slightly brown tinged, 1 pure dark, 2 darkish. Fio was 
reared from both these broods ; that from the former consisted of 44 
specimens, intermediate to dark, presumably from some of the darker 
examples among the parent stock ; the latter of 25 specimens, varying in 
colour from white to intermediate, yet with a most conspicuously definite 
facies, all being well lined, with the central shade strong atid clear c\it in 
addition. 

Brood /. — 29 specimens, intermediate to lightish-intermediate, fairly 
constant. Fm, 5 only, certainly variable, though without extremes — 
altogether too few for generalisations. The n^iprocal cross {J) was not 
secured. 

Brood IC, — Obtained in duplicate. Both batches (56 and 88 specimens 
re85>ectively) nonual intermediates, the variation sliglit. Some undersized 
specimens look a little pale, but this is because of their weak scaling. 

Brood k. — 40 siyeoimens, variation moderate, from light-intermediate 
to dark-intermediate. 

The quadroons and other irregular crosses have next to he briefly dealt 
with. In the first filial generation pure light c? was crossed with hybrid ? 
(out of the brood described as -4, number (2) in this paper), and the strain 
carried on for four generations (Fj to Fa). It continued ** intermediate.” 
with the variation appreciable but not considerable, only in there were 
more of the whiter specimens. In generation Fa this quadroon race was 
crossed with the hybrid race called / in this paper ; the variation in the 
ofiispring (F7) waft only very moderate, ranging from light to lightish- 
intermediate. 

Also in generation Fe, crosses of bxe,bx /, and GxC were obtained, but 
only Jx/was followed up to subsequent generations. All tliese three were 
VOL. BXXXt.— B. L 
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intei^sting, as iu each case both the parents were more or less extreme, the 
cJ's light and the ? 's dark; the offspring of hxc (16 specimens) varied 
little, all being intermediate or lightish ; that of GxO (4 specimens only) 
much more, the single d bred being darkish, the 3 ? ’s light, weakly marked. 
I a this generation (F7) the specimens of hxf(J^4 in number) varied little, 
the range being from lightish-intermediate to lightish, almost reaching the 
pure Hyeres form ; the characteristic dark border of the parent strain h (2) 
entirely disappeared. In Fs, 47 specimens, the variation was considerably 
greater, ranging from pure light (about 8 ) to pure dark (2 or 3), the majority 
intermediate, and the extremes not very intense. Fj» was obtained in 
triplicate ; from a light pair (especially the ? ) sprang a brood of 34 
(labelled ix), hardly variable, all light or lightish; from a somewhat 
intermediate pair a bi'ood of 44 (labelled hfQ ix), variable, from lightish 
(not extreme) to dark — about 8 that might be likened to average Ix)ndon 
S})ecimen 8 ; from stock a batch of 23 (labelled ^ ix), slightly variable, all 
light or lightish except 1 , which is intermediate, brown. In generation Fio 
one brood was raised, simply labelled hf x, the note of its t^act [>arentage 
having unfortunately been mislaid ; it consists of 32 specimens, nearly pure 
light and not varying much, a few virtually of the Hydros form, but the 
larger number with a fairly distinct central shade. 

In generation Fg a pairing was obtained between r S out of brood U 
(intermediate or darkish, weakly-marked) and a $ out of brood e (inter- 
mediate or rather light, the central shade distinct). In generation F» 
a brood of 33 appeared, rather variable, from light-intermediate to dark (not 
intense), mostly weakly lined, a few strongly freckled. Their progeny 
(Fio, 19 specimens) arc also variable, from light (3) to dark (5); 4 are inter- 
mediate, fairly well scaled, the rest more or less poorly scaled, weakly-marked. 

It remains to notice a strain which must be treated as of uncertain 
ancestry, and which originated iu Fg and has been carried on to Ynu It was 
believed to have sprung from pure dark ancestry, a number of hiberr*ating 
larvie of Fa in that strain having fed so slowly as to be still in the larval 
state when their nephew-brood of larvee {ie. pure dark F 4 ) arrived, and 
having been mingled therewitli ; but in the behaviour of the strain was 
so unprecedented that we feel forced to imagine there must have been some 
accidental importation of hybrid or liglit material, inexplicable though it is, 
considering the care that was taken. Of course, it is open to those who so 
desu*e to assume that there was here a true mutation, but as the white form 
has never been known in Britain, and inbreeding has not changed the rest 
of our pui'e dark stock, we ourselves cannot regard such a view as even 
worthy to be provisionally entertained, unless confirmation be. forthcoming. 
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Brood D — This aberraat stock iii F«, which we called D ^ vi, con- 
sisted of 41 specimens, 18 of them pure light, 2 nearly pure but browner in 
ground-colour, a few normal intermediates, and about 12 typical dark. By 
analogy with the i*est of our material this would suggest being a second 
generation from a hybrid. On account of the riddle of its origin, 6 pairings 
from this brood were obtained, 2 others attempted proving infertile. 

(1) From a light pair sprang, in F;. a brood of 16 (labelled vii (2)) all 
light, about half being quite extreme, the rest slightly more dusted. 

(2) From another light pair, F7 consisted of 47 (labelled 7>^vii (3)), 
rather variable from pure Hyeres form (4 or 5) to intermediates. Their 
progeny in Fg (64 in all, from different pairingB) varied conspicuously, the 
majonty light to intermediate, perhaps only one really darl:, and that not 
very extreme. In F^ (two broods, 67 specimens) the variation was less, only 
ranging from light to intermediate ; all the four actual parents were more or 
less light. In Fio (three broods, 96 specimens) the variation again increased 
somewhat, but with the lighter forms still in the ascendant and thoroughly 
<lark ones only occurring, and sparingly, in of the three broods — labelled 
-^x(l) 0, and noteworthy for its ilarker average tone tlian its parent brood. 

(3) From yet another light pair, F-i (26 specimens, labelled vii (4)) 
bred absolutely true to the extreme parent form (= wild Hy6res typo). 
One pairing produced, in Fg, a further brood of 24, all equally pure, 
unfortunately lost here. Another pairing produced, in Fh, a very variable 
brood of 45 — 16 pure light, about 15 others lightish to liglit-intermodiate, 
tlie rest darker, 1 or 2 practically ‘‘ dark.*' From a pairing of rather light, 
well-marked specimens in the latter of these (the variable) was obtained, in 
F», a brood of 38 varying much less than the parental one, indeed pretty 
constant light-intermediate, rather well-lined. Their offspring (Fjo, 
42 specimens) would nearly all be classed as “light-intermediate” in some 
sense, yet wonderfully variable within this limit ; whitish weak-marked, 
similar examples but greyer behind the outer line, moderately light strong- 
marked, intennediate (2 or 3 strongly-marked, 2 or 3 weaker-marked) are all 
represented. 

(4) From a dark pair, only three specimens were reared in F7 (labelled 
jy ♦ vii (6) ). These were darkish intermediate. Fortunately a i and a ? 
emerged together and copulated. The resultant Fg (49 specimens) varied 
a good deal one only being pure light, the rest about half intermediate 
(a few light-intermediate) and half darkish to dark, but with intergradations, 
Fg (78 specimens, 3 broods) was moderately variaWe, but all should be 
classed as broadly “intermediates.” Fw (49 specimens) was valuable, ranging 
from intermediate to dark, the average darker than in F9; perhaps about 
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20 would be called dark, but there is no clear line of demarcation. The 
return to a darker type might be called atavistic, but more probably the 
actual parents — which are not known — happened to be among the darkest 
ones of Fo. 

(5) From a dark cf x light ? , F 7 consisted of 21 specimens (lal)elled 
D ^ vii (7)), all normal intermediates, with no appreciable variation. The 
strain whs mifortuimtcly lost. 

C. Geneuai. Conclusions. 

From the foregoing mass of detail a few facts emerge with conspicuous 
clearness, and certain other points are sufficiently suggested to Ik; worth 
putting forward, at least tentatively. 

In the first place, there is most certainly no Mendeliau domiiiauce in 
coloration in the cross of the dark (London) race of Ar.idalia virgnlnrln with 
tlie light (Hycres) race. With remarkable persistence, first cross of the 
pure rac^es produced a form iiUermditUe in coloratioiL The sole exception, 
out of two dozen such crossings, is the brocxl noticed above as No. (1). 

But, in the second place, it is perfectly well known that colour-dominance 
is not the essential feature of Mendelisin. As Mr. Bateson says,* “ The 
essential fact which Mendel discovered is the segregation of characters in 
gametogenesis.'* Now, as the intermediate form, which was so nearly uniA^ersal 
in the first crosses, did not appear in either of the pure strains, it may well 
be taken as the normal manifestation of hybridity in this blend, correspond- 
ing to the ** blue ” Andalusian fowl and other well-known cases ; and it is 
certainly noteworthy that a rough resolution into a wider range of forms 
proved quite general in the Fg generation. That proportions did not agree 
with expectation might be due to defective analysis. For example, the said 
“ hybrid ” or ** intermediate might have a wider range of variation than had 
teen discovered by the investigators, who might thus have referred some 
hybrids to one of the " pure ” forms. But a glance at our actual resulta 
(•onvinces us that it is not generally too few intermediates that we obtained 
in Fa but too nmny ; and fortunately we know very accurately the limits of 
the variation of at least one of the pure races (L), so that there seems no 
chance, on the assumption of gametic purity, of our liaving classified pure 
“ lights as “ intermediate.” It is, however, further noteworthy that some, 
at least, of the extracted strains (light x light, ex hybrid, viz., A (2) in 
generation F^,! ? B in generation F 5 (1), 5 x/ generations F» and ? Fi», 

‘ Progreesus Bei Botanicaf/ 1906, p, 868. 

t But if thiB was really pure whence came the single “ intemediate ” in ita 
offspring ? 
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? (1) in generation F;, ? # (3) in generations F; and one section of 

Fg dark x dark, ex hybrid, vix., C (3) in generation Fg, c © in generations 
Fv and Fjo) attained a considerable standard of purity; and also that a few 
of the extremest (light x dark) pairings among hybrids (such asJxc, &x/, 
D 0 (5), and ? A (2) in generation F;) wore the most reliable in producing 
again genuine intermediates. {GxC was possibly an exception, but the 
parents here were not so extreme in colour as to render hybridity unthinkable.) 

Another fact that can be stated with certainty is that our experiments have 
revealed no other decisive '* reversion to type than the kind which Mendelism 
would demand ; the intermediates have been quite as stable as Mondelisin 
would expect in hybrid pairings. Wliatever be the explanation, it would 
appear that the hybrid form cannot be “ bred out ; except in cases where 
a selective mating has been employed and the rest of the brood allowed to 
die otit, intermediates have continued to appear through all the generations. 

Without desirin^j to dogmatise, we feel it is necessary to remark that 
neillier of the points last considered — ^the obtaining of a comparatively 
uniform type by selective mating and the persistence of intermediates under 
other circumstances — belongs exclusively to anyone theory of heredity, while 
such occurrences os those noticed in the footnotes on broods and D ^ (3) 
are harder to reconcile with Mendelism than with, for example, tlie Galtonian 
view. On the whole, the apparently large responsibility of direct parenthood 
suggests to us the idea of some such principle as is involved in the well- 
known formula of one-half the characters from the parents, one-fourth from 
the grandparents, etc. 

Over and over again some trifling race-cliaracteristic has interested us in 
a particular strain, including — besides the tendency for some broods to favour 
the slightly darker variations and others the lighter — obvious differences in the 
expression or suppression of the transverse “ dot-lines,” tendency to develop 
a dark central shade or a dark mai^inal area (for instance, brood h (2)), and 
80 forth. Any of these would have been well worthy of minute study, either 
from a Mendeliau or a non-Mendelian point of view, had time and oppor- 
tunity allowed. We suspect, however, •that in large measure they also would 
be found traceable to direct parentage, for it is certain that in some cases 
cousin-broods differ quite materially in some of these characteristics, and that 
a reference to their jiarents shows how closely these are followed ; see, for 
instance, some of the references under the statistics of broods c, g. A, etc. 
The sex-predominance in brood A (1) was another peculiarity which deserved 
more attention than it received. 


* But how would Mendelism account for the (very variable) other section of Fg 1 
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We noticed also that the larvse were very variable, and it is not impossible 
that an analysis of their variation might yield some results of value. 

As a final impression, we would suggest that our failure to find Meudelian 
inheritance at work was due mainly to our bringing together two compara* 
tively remote geographical races (as with Messrs. Warburg atid Bacot's 
Ladomiivpa meridimialLH x callnnce) and that wo, personally, now only exj,)ect 
to find segregation in the case of crosses of two forms occurring together (like 
the two forms of Triphmna comes or those of Xouthorhoe ferrvf^ato), wliere 
a lung course of natural selection has presumably eliminated the inter- 
mediates, We pointed out in the introduction that just such intermediates of 
Avidalia virgularut os were produced artificially by crossing our specimens 
from London and Hy^res (localities where tliey are apparently cjuite 
unknown in a wild state) do occur in a state of nature in other parts of its 
geographical range. 

A few pairings which occurred in generation F^o produced ova which have 
been handed to Mr. W. Bateson in the hope that he may be able to follow^ up 
our researches in the species. Unfortunately both the pure strains have been 
lost, but possibly Mr. Bateson will be able to extract them, by selective 
pairing, from the new hybrids, which we labelled Mx\ and m xi. 
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By J. Gordon Wilson, M.A., M.B.(Edin.), Hull Laboratory of Anatomy, 

University of Chicago. 

(Communicated by Dr. F. W, Mott, F.K.S. Keceivecl January 21, — Bead 

February 11, 1909.) 

[Platbs 4—6.] 

Physiologists, in explaining the transmission of the wave of contraction in 
the lieart from atrium to ventricle, have alternately leaned towards eitlier 
the myogenic or the neurogenic hypothesis. Many of the discussions on this 
8ubje<jt have been useless and many of the deductions false, because of the 
misconception of the anatomical facts. For long it was held that thougli in 
cold-blooded vertebrates the experiments of Gaskell had settled the question 
in favour of the myogenic tlieory, yet in mammals there existed an interrup- 
tion between the atrial muscle and the ventricular muscle at the atrio- 
ventricular groove, and that this was opposed to a general acceptance of the 
myogenic theory. Later anatomical investigation, however, has definitely 
shown that there exists in all mammals, between the atria and the ventricles, 
a pathway of modified muscle fibres along which the (contraction wave 
appears to go. This is the atrio-ventricular (auriculo-ventricular) bundle, or 
bundle of His. The discovery of this muscular conimetion gave very decided 
support to the myogenic hypothesis, and at present it would appear that 
prevailing opinion favours this theory. It receives additional support in so 
far that in this bundle only a few nerve fibres have as yet teen recognised 
by one or two observers ; some assert that nerves are r»ot present, or, if so, 
are too few in number to be of any moment. More definite statements have 
been made by Tawara and lietzer. Tawara(l) found that ''in the heart of 
the calf the atrio-ventricular bundle is accompanied by a very considerable 
nerve bundle, which runs with the muscle bundle, and in the left ventricular 
septum nerve cells are present 1*2 cm. below the aortic valve.’' In the 
atrio-ventricular bundle of the sheep only a few nerve bundles were seen* 
but in the dog, oat, and in man he could find none, though he expressly states 
that these cannot be excluded, since fine nerve fibres accompany the bundle. 
Ketzer(2) has pointed out that the first ganglion cells that appear in the 
embryonic heart lie in the atrial septum, immediately above the beginning of 
the conductive system ; further, that the Purkinje fibres are surrounded by 
a plexus of non-medullated nerves. 

Such is the present position of our knowledge of the nerve constituents of 
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the atrio-ventricular bundle. Although a vast amount of work has been 
done on the nerves of the heart generally, yet, so far, but little attention has 
been directed to this particular and definite strand. In this preliminary 
paper I have limited the report to the muscle band as it passes from the 
atrium to the ventricle, and shall not discuss the lujrve constituents in the 
connections of the atrio- ventricular bundle with the ordinary muscle of the 
atrium or of the ventricle ; that is, 1 limited the investigation to that part 
whicli extends from a point in the bundle towards the coroifary sinus over 
the l>ifurcation into right and left branches and down tliese into the right 
and left ventricles. These parts are represented in figs. 1 and 2 (Plate 4). 

— The first specific demonstration of the presence of a muscular 
connection between the atrium and ventricle was given by Gaskell in 1883. 
rre\ious to that time many writers had declared that such a connection 
existed, but their stateiueuts were indefinite, Por instance, PaladirK)(3) is 
referre<l to by llardeleben as liaving found that “die Yorhofsmuskulatur 
endet nicht an den Annuli fibro»cartilaginosi, sondern gelit grossentheils in 
die Ventrikelwand uud die Papillarmuskeln weiter.'' It was Gaskell (4) who 
first definitely showed that in the tortoise the contraction wave spreads from 
the sinus over the auricle to the ventricle by means of the muscular connec- 
tion which exists between the three parts of the heart at the sino-auricular 
and auriculo- ventricular grooves. He found that at the sino-auricular 
junction the fibres of tbo sinus form a circular muscle-ring from which the 
fibres of the auricle take origin. Prom this origin the fibres of the auricle, 
ai'ter ramifying in all directions, approach and get attached to the upper and 
middle part of tlie auriculo-ventricular groove, forming a ring of muscle 
fibres from which in turn the fibres of the ventricle take origin. By experi- 
mentally sectioning between tlie two auricles, and by removal of the visceral 
pericardium, he was able to show that the ventricle contracts in due 
sequence with the auricle, because a wave of contraction passes along the 
auricular muscle and induces a ventricular contraction when it reaches the 
auriculo-ventricular groove.*' The integrity of the whole muscle at the 
auriculo-ventricular groove is unnecessary for this sequence, for there exists 
a definite track along which the wave of contraction passes. Histologically 
he found that the muscle fibres pi^sent iia the auriculo-ventricular muscle- 
ring differed from the muscle cells of the auricle and ventricle both in the 
size of the nucleus and the character of their striation. 

In spite of GaskelTs work, the hypothesis generally accepted was that the 
contraction wave cannot be myogenic because in mammals theie occurred a 
distinct break between the muscle of the atria and the muscle of the 
ventricles. It was held that the atrial fibres and the ventricular fibres 
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belonged to independent systems, and were separated by a considerable 
amount of connective tissue at the atrio-ventricular junction. In 1893, 
ten years after Gaskeirs work appeared, Stanley Kent (6) showed that 
muscular connection did exist in the mammalian heart. He found in young 
rats that there was at birth a well-defined continuity of atrial and ventricular 
muscles. As age advanced there took place a considerable development of 
connective tissue in the atrio-ventricular groove ; nevertheless, in adults 
there still persisted well-marked bands of muscle tissue between the two 
chambers over a considerable area of the atrio-ventricular groove, and in 
particular at the junction of the atrio-ventricular septum. This muscular 
connection varied in amount in tliflereut animals, yet could be demonstrated 
in all : but tlie exact location of these bands he did not definitely determine. 

In the same year there appeared tiie work of Wilhelm His, junior (t>), 
Die Tatigkeit dea embryoiialen Herzens und deren Bedeutung fiir die Lelnxs 
von der Herzbewegung beim Ei'wachsenen,” Here for the first time was 
given the definite location of the atrio-ventricular bundle. His demonstrated 
that in the earliest stages of development of the mammalian heart there 
exists a continuous muscle union between the heart segments, and that the 
primitive contraction goes on without the presence of ganglion colls. 
Further, it was erroneous to suppose that this primitive continuity of 
muscles was completely interrupted in the adult by connective tissue at the 
atrio-ventricular groove ; that while a break did occur it was by no means 
cornjdete, for at a particular place in the atrio-ventricular septum muscular 
union persists. This union is brought about by a strand of muscle fibres 
which springs from the posterior wall of the right atrium, passes forward to 
the atrio-ventricular groove lying in the upper part of the ventricular 
eeptunj, soon forking into right and left branches. The presence of this 
bundle of His has been confix'med by many subsequent writers. 

The most important work on the atrio-ventricular bundle is that of 
Tawara(l), “ Das Beizleitungssystem des Saugetierherzens.*' This Japanese 
investigator, working in AsohofiTs laboratory in Marburg, published, in 1906, 
a careful and exhaustive monograph on the macroscopic and microscopic 
appearances of the bundle in a series of mammals. In it he tlemonstiated 
the connections of the fibres of the bundle with the ordinary cardiac muscle 
and the relation of the Purkinje fibres throughout the heart to the atrio- 
ventricular fasciculus. His findings ( 7 ) may be summarised as follows: — 

(1) In man and all the animals examined, the Purkinje fibres or their 
equivalents form the outspreading of a muscular system which unites the 
atrial muscle to the ventricular muscle. This muscular system constitutes 
the atrio-ventricular bundle. 
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(2) This muscular system has a uniform arrangement in all mammals, 
though slight indiviilual differences appear. It runs from the atrial wall 
through the atrio-ventricular fibrous septum to the point whei*e it spreads 
out in the ventricular wall, at first as a bundle enclosed in connective tissue, 
then spreading out into tree-like end branches. The closed strand never 
enters into relation with the ventricular muscle, ])ut the end branches fuse 
with the usual ventricular muscle. 

(3) This uniting system is early developed in the embryo. From this 
time on, leaving growth out of consideration, it remains xinchauged during 
life. It is not affected by hypertrophic and atrophic processes in the heart in 
the same way as the ordinary cardiac muscle. 

(4) The topographical, histological, and biological peculiarities of this 
system are opposed to the suggestion that its function is that of a heart 
pump, like the ordinary cardiac muscle. Moreover, the physiological 
experiments of Gaskell, Engelrnann, Herring, and others suggest that in this 
system can be found a conducting path for the co-ordination of the heart 
muscle. 

Ma4yromopic DeAcripiimi of the Bumlle , — To diasect out rapidly the atrio- 
ventricular bundle, I have found it best first to identify the pale pink muscle 
fibres of the right and left branches. These are more or less subendocarrlial. 
The left is readily obseiwed at a varying distance beneath the junction of the 
posterior semilunar (non-coronary) with the right semilunar valve. The 
right branch, less readily found in some mammals because covered by a thin 
layer of ventricular muscle, can be found lying near the line which joins the 
moderator band to a point under the medial (septal) cusp, adjacent to its 
junction with the anterior (infundibular) cusp of the tricuspid valve. From 
either of these points the entire atrio-ventricular band can be dissected out. 

As seen in the calf, where it is ver}' large, the bundle originates in the 
posterior wall of the right auricle in the region of the sinus coronarius (Plate 4, 
figs. 1 and 2). At this point there is a mass of pink fibres — not red like the 
ordinary cardiac fibres, and less pale than the main continuation of the band. 
It is cone-shaped in appearance, with an ill-defined base merging into the 
auricular muscle and a well-marked apex passing into the narrow baud of 
white tissue which goes forward into the atrio-ventricular septum, in a groove 
on the under surface of the cardiac cartilage. Reaching the upper part of 
the interventricular septum, it divides into a right and a left branch. The 
right branch passes downward on the septal wall of the right ventricle more 
or less superficial towards the septal attachment of the moderator l^and. 
Here it begins to separate out and send branches into the septum. If a 
transverse section be made of the moderator band, Purkinje fibres are seen in 
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small bundles isolated by more or less definite connective tissue sheaths. 
Through the moderator band it reaches the lateral wall of the ventricle and 
the papillary muscles. The left branch appears under the endocardium of 
the septal wall of the left ventricle about 15 cm. below the junction of the 
posterior with the right semilunar valve. Immediately under the aortic 
opening it is covered with cardiac muscle. On reaching the surface of the 
heart it spreads out and sends branches downwards and outwards to the 
septal and lateral walls of the ventricle. 

In mammals generally, the course of the atrio-ventricular bundle agrees in 
the main with this, but some slight diflerences are observed. Thus in the 
sheep the band is smaller and less distinct. The right septal branch is 
covered by cardiac muscle from the atrio-ventricular septum to the moderate 
band ; the left branch appears under the endocardium 1’2 cm. beneath the 
junction of the right and posterior aortic valves. In the pig there is a close 
resemblance to this. It is interesting here to note how in all mammals the 
bundle is in close apposition to the insertion of the aorta, behind its posterior 
valve. 

Microscopically, as Tawara pointed out, one must also distinguish an atrial 
and ventricular part. Tlie atrial part l)^n8 as a complicated network of 
branching fibres smaller than the atrial muscle cells with a nucleus lying in 
undifferentiated protoplasm and with fibrilluj less well developed and more 
irregular than in the ordinary cardiac cell. Within this network lie 
connective tissue with fat, blood-vessels, and nerves. Erom it emerges a 
series of more or less pamllel muscle fibres similar to those of the network 
surrounded by a well-marked connective tissue sheath. The api)earance of 
these cells and the amount of connective tissue between them leiadily 
distinguish them from the ordinary cardiac muscle. 

The ventricular section begins immediately where the atrio-ventricular 
bundle breaks through tlie fibrous septum of the atrio-ventricular groove. It 
consists of an irregular network of muscle cells surrounded by connective 
tissue. Histologically it has no similarity with the atrial portion of the band 
nor with the ordinary cardiac muscle cell. One, two or more of the cells of 
the atrial strand pass itilo a much larger cell of irregular size and shape which 
possesses many features in common with a Purkinje cell. As the ventriculoi* 
strand passes down the septum, these initial cells gradually pass into typical 
Purkinje fibres which constitute the muscle cell component of the two arms 
and their outspreading branches, 

Te^miqw , — As a first step, it is necessary to be able rapidly to cut out the 
bundle either after staining or in the fresh condition. This can be done after 
a series of preUmmary dissections. For the purpose of this research I limited 
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lay observations to the main bundle surrounded by its connective tissue 
sheath, including the part directed to the coronary sinus and the two arms 
running into the septal walls of the right and left ventricles (figs. 1 and 2). 
My results have been obtained by the methylene blue “ vital " method. 
Occasionally the Cajal method or gold impregnation was used, but with 
I'esnlts less satisfactory, chiefly, I believe, because the methylene blue gave 
such definite results that it was not felt necessary in this pieliminary report 
to ascertain experimentally the modifications which appeared necessary to 
apply either of these methods, especially the Cajal, to the heart muscle. 

The strength of the solution injected was : — 

Methylene blue, ^-per-cent, solution 10 o.c. 

Salt solution, 0*9-per-cent. solution 90 „ 

The coronary arteries were injected with the solution either directly or 
indirectly from the aorta. When the heart was well injected the bundle was 
rapidly dissected out, placed on a slide and examined in the usual way ; or 
the bundle was cut out from the fresh heart, partly immersed in a methylene 
blue solution slightly weaker than the above, and kept in a hot chamber at a 
temperature of 37® or 38® C. The full description of the technique in use has 
been so often presented in previous papers, Wilson (8), that it seems 
unnecessary to retreat it here. Fixation was always done in 8-per-cent, 
ammonium molybdate and sections cut in paraffin. 

The limitations of the methylene blue technique are well known. This dye, 
though neurotropic, is not monotropic. A difficulty encountered in the atrio- 
ventricular bundle is the affinity of the methylene blue for the elastic fibres — 
a tissue sufficiently abundant in the bundle to give trouble at first. 
Keoognising this possible source of error, one readily gets accustomed to 
distinguish between the relatively coarse wavy fibres of the elastic tissue and 
the fine varicose fibres of the nervous strands branching and anastomosing 
irregularly. 

The nerve fibres are in the main non-myelinated. A few medullated 
fibres are to be seen, especially in the calf : these appear usually as isolated 
fibres and do not enter as a rule into the strands of fibres which pass directly 
through the bundle. 

The staining of all the nerve elements in the bundle in one and the same 
preparation is mmsual Thus it is not common to get in the same prepara- 
tion the finer network together with the ganglion cells and their processes- 
If one gets good ganglion cells with processes, the finer varicose fibres 
distributed through the muscle are usually poorly stained. This agrees witli 
the observations which I have satisfied myself with time and ag&in, that the 
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dye will at one time select motor endings in preference to sensory or vaso- 
motor ; at another time, under the same external conditions, the sensory or the 
vasomotor are the better, and may be the only ones stained well. This 
appears to me to be due to the particular chemical state of the nerve ending 
at the moment the dye reaches it. 

The animals used in the investigation have been the calf, sheep, and pig, 
and to a less extent the dog. Tissue was also obtained from the human 
heart. I am not prepared at this time to I’eport on the results of the 
investigation on human material or in the dog, but so far as these have gone 
1 have no reason to believe that they will not bear out the results reported in 
this jiaper on the three first-mentioned animals. 

The examination was confined to the part of the bundle extending from 
near the coronary sinus through the fibrous septum and dowji both arms. 
Though this constitutes but a part of the entire bundle, it forms an important 
section ; it is a well-defined structure and includes the path across the atrio- 
ventricular septum. To avoid confusion, it is r^erred to in this paper as the 
atrio-ventricular bundle. 

Even a very superficial examination convinces one of the important part 
taken in its composition by nerve elements. Nerve colls are scattered in 
profusion along its course, and nerve fibres pass in strands along with its 
muscular elements or intricately interlace around its cells. There is no part 
of it, from the coronary sinus to the end of its right or left arm, bereft of 
groups of ganglion cells or devoid of nerve fibres. The neurologist might 
well refuse to recfignise in it a muscle bundle; to him it might become 
conspicuously a nerve pathway of very intricate structure. 

In the bundle the nerve elements divide themselves for descriptive 
purposes into tliree groups : 

I. Ganglion cells. 

II. Nerve fibres and plexuses 

III. Nerves directly associated with the blood-vessels. 

I. The ganglion cells are naturally first described, for they are the most 
eorispicuouB nerve structures present, both from their abundance and their 
sise. , They are found usually in groups of varying number ; some of tliese 
in the calf have as many as 16 nerve cells, but more may easily be present. 
Individual cells, scattered either in the course of the nerve strands or 
isolated iA the fibrous tissue around the bundle, are frequently seen. 

Nerve cells are abundant in the atrio-ventricular bundle of all the animals 
studied, but I have examined them chiefly in the calf, where, from their large 
siae^nd from the facility writh which they stain, they are especially suitable 
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for investigatiou. All three varieties of cells are found (see Plate 5) unipolar 
(6g. 3), bipolar (fig. 4)» and multipolar (fig. 5). Ganglionic groups are 
scattered in the connective tissue not only around the muscle band but also 
in the interstices between the muscle fibres (fig. 4). They are not especially 
located in the subendocardial area ; when the bundle reaches the surface of 
the heart, they are seen not only between its tissue and the endocardium, but 
are also equally conspicuous within the bundle and in the fibrous tissue on 
the side remote from the endocardium. 

They can be seen all the way from the coronary sinus to the distribulion in 
the right and left walls of the ventricular septum. In the particular part 
examined they appear to be most abundant near tlie point of bifurcation and 
in the course of the right and left ventricular divisions. Their abundance 
may be roughly estimated by saying that in a series of sections of one of 
these anus, especially the loft, cut 50 microns thick, it is no unusual thing 
to find in a section throe or four ganglionic masses containing from five to 
nine nerve cells. Were one roughly to indicate any one area more than 
another where they are conspicuous, one might select the upper border of the 
bundle just before its division into right and left limbs. Here there is a 
large group, easily seen in the calf and sheep, lying in the fibrous tissue out- 
side the bundle whose processes pass into the muscular pathway. 

The processes of these nerve cells can often be traced for a long distance 
gradually dividing in their course (fig. 3). Many of them ultimately become 
varicose fibres, and some at least go into the nerve plexus around the muscle 
cells. But the mode of termination of the majority, from the distance ' they 
traverse and from the failure to stain referred to above, I liave so far been 
unable to determine. Fig, 6 shows a large nerve cell in some respects akin 
to Dogiers type I. It has one long process and several smaller ones, which 
latter project only a short distance from the cell-like sharp prickles. The 
long process can be traced for a very considerable distance ; it frequently 
divides and ultimately ends as very fine varicose fibrils which enter into the 
plexus around the muscle bundle. Fig. 5 shows the interlacing of the 
processes of several nerve cells in one pericellular plexus. Here a multipolar 
cell, G.i, gives oflf a branch, one of whose rami enters into the pericellular 
nest of cell G.a, into which also enter twigs from two other more distant 
nerve cells by fibres C and D. 

II. In the atrio-ventricular bundle the nerves present themselves 

(a) strands of fibres ; 

(b) as plexuses of fibrils. 

(a) The nerve strands have a general course along the length of the bundle. 
In preparations of the entire bundle they are seen to break into the fibrous 
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tissue around it at various parts of its course, but chiefly prior to or near the 
point of division into the right and left arms. Thus several strands appear 
towards the coronary side of the division, corresponding to the position of 
the ganglionic group referred to above. ^ The question of the source of the 
fibres lies outside the field of the present investigation, but their course 
indicates an origin near the insertion of the aorta and the lower part of the 
atrial septum. Sections of the bundle bring out more clearly the relation of 
these strands to the ganglion cells. Throughout their course nerve cells are 
skittered individually or in groups and the processes of these cells enter into 
tiie nerve strand (fig. 4). The fibres of these strands are not in close 
apposition. Tliis is especially observed in the left septal part (fig. 4). They 
are found in the connective tissue both around the bundle and between the 
muscle cells. They have irregular connection with each other. Often one 
can sec a strand send off a single fibre or a grouj) of three or four fibres 
which pass across the intervening muscle cells to an adjacent strand and then 
continue their course along this. Occasionally a fibre may be observed to 
turn backwards ; however, the general tendency is for the strands to pass 
downwards in the direction of the atrio-ventricular bundle. The fibres are 
SrS a rule nou-medullated, most of them with varicosities. These varicosities 
occur at less frequent intervals than in group (&). The medullated nerves 
seen have been chiefly in the cow. It is with fibres of this group that at 
first the elastic tissue is apt to be confounded, but enough has been said to 
show how they may be easily differentiated. 

* It is difficult to tell what becomes of these strands. Many of them pass 
throi^h that part of the bundle I have examined. Some, however, may be 
seeii to break up into very fine varicose fibrils which enter into plexus (&) 
(fig. 4, A.), 

(h) The nerve plexuses are composed of very fine fibrils with varicosities 
at frequent intervals. They can be seen witlj the 8-mm, objective and 
4 ocular, but require a higher power for distinct observation. The fine 
branches lie in close apposition to the muscle cells and have absolutely no 
resemblance to elastic tissue. In well-stained preparations they are so dense 
and intricate from frequent brandlings and anastomoses that it is impossible 
to trace individual fibres for any distance. I have chiefly studied these 
plexuses in the pig and sheep. Here they form a continuous network which 
can be traced for long distances over a series of sections and appear to 
extend the whole length of the atrio-ventricular bundle. Their general 
character's can be well seen in figs. 7 and 8. As will be noted, it is not a case 
of a . nerve breaking up and surrounding individual muscle cells, but of 
a complicated network lying around both sii^le cells and groups of cells. 
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The source of the plexuses is not easy to determine. The difficulty is due 
partly to the length of the varicose fibrils before they enter intimately into 
the plexus, and partly to the difficulty of staining at the same time 
sufficiently well ganglion cells and muscle plexuses. Occasionally, however, 
a non-medullated fibre can be seen to pass out from the strand and break up 
into tine twigs, which ultimately become very fine varicose fibrils and enter 
into direct relation with the muscle plexus. (See Plate 6.) 

111. Nerves related directly to the blood-vessels of the atrio*ventricular 
bundle. These have no special significance in this locality and differ in no 
way from nerves found in arteries elsewhere, so well described by Dogiel and 
others. Two distinct varieties present themselves : — 

(1) A vasomotor plexus of fine non-medullated varicose fibrils (fig. 9). 
These are most abundant in the large vessels and gradually get fewer as the 
smaller arterioles are reached. At the point where a vessel divides or 
a branch is given off, the plexus becomes more dense ; it is as if the fibres 
became concentrated at the point of division. Then the plexus divides or 
sends offshoots along the arterial ramus, the amount sent off varying with 
the size of the branch. The main plexus runs in the adventitia, but a part of 
it passes into the tunica media to form anastomosing bmnohes directly 
Isolated to the muscle fibres, 'fhese do not appear to me to form definite 
endings; the knob-like endings on the muscle cell sometimes described 
appear to be artefacts due to a stoppage of the dye. This appears to be 
confirmed by relatively few appearing in well-stained preparations and their 
abundance in badly-stained tissue. 

(2) Distinct from these are the so-called sensory endings. Tliese are 
definite end oi'gans situated in the fibrous coat around the vessel, and differ 
from the above described anastomosing plexus formations. They ai'e so 
called because of their resemblance to sensory endings elsewhere. A nerve 
fibre thicker and less varicose than the ordinary vasomotor nerve and at 
times faintly medullated is seen to break up in the tunica adventitia into 
a more or less complex arborisation which is non-capsulated. In the smaller 
arterioles they are very simple (fig. 9, S.), in the larger arteries of the bundle 
they become extremely complex (fig. 10). 

Conclusions^ 

1. Anatomically the atrio-ventricular bundle contains not only a special 
form of muscle fibre distinct from the ordinary muscle of the atrium or the 
ventricle, but, as I have shown, is an important and intricate nerve pathway 
in which we find 
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(1) Numerous ganglion cells — monopolar, bipolar, and multipolar — whose 
processgg may pass — 

(a) To adjacent ganglion cells in the bundle ; 

(5) To the muscle fibres in the bundle ; 

(c) Through the muscle bundle so far as it was examined, 

(2) Abundant nerve fibres running through it in strands, the processes of 
which may end (a) in ganglion cells in the bundle; (?>) in the muscle plexus, 
or may pass through the part examined, 

(3) An intricate plexus of varicose fibrils around and in close relation to 
the muscle fibres of the bundle, 

(4) An abundant vascular supply with well-marked vasomotor nerves and 
sensory endings. 

XL Physiologically it has been shown that the atrio-ventricular band 
constitutes the pathway which assures the communication of the atrio- 
ventricular rhythm. When the bundle is sectioned or crushed the ventricles 
cease momentarily to beat, though they soon regain pulsation, but with 
a rhythm much more slow than tliat of the atrium. Pathological anatomy 
supports this view ; the allorythraia or Stokes-Adams disease can be 
explained satisfactorily by lesions involving this pathway. As a result of 
these physiological experiments and from these pathological conditions, it has 
been asserted that the contraction wave must be myogenic. To such 
a deduction my anatomical findings are opposed. They demonstrate that in 
these experiments and pathological conditions an important nerve pathway 
is equally involved with the muscle bundle. Considering the neurogenic as 
opposed to the mypgenic hypothesis from the anatomical standpoint, one 
must acknowledge that the very complex nerve constituents of the bundle 
indicate an important nerve pathway and are very suggestive of an intricate 
nerve mechanism. 

Can the atrio-ventricular bundle be regarded as a neuro-musoular spindle ? 

It has recently been stated that “ the conclusion derived from the study of 
the development and oytologioal structure of the conductive system is that it 
is a neuro-muscular apparatus akin to the neuro-muscular spindle of voluntary 
muscle" (lleUer (v>)). Similar suggestions have been made by others, and 
readily present themselves as a possible explanation of the position and 
structure of the atrio-ventricular bundle. But have we anatomical data on 
which to base such a conclusion ? To answer this it is necessary to consider 
the structure of the neuro-muscular spindle. 

Were one to accept Golgi’s definition, made in 1880, that it is a bundle of 
incompletely developed muscle fibres surrounded by a special sheath," one 
WOU LXXXI— B, M 
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might be tempted to awjuiesce in the above view, at any rate proviaionally. 
Bnt the work aince then, especially of Ruffini(ll) and Sherriiw|on(12), 
has so widened our knowledge of the neuro-muscular spindle th^ Golgi's 
definition is now inadequate, and it is with the complex nerve ending which 
they describe that the atrio-ventricular bundle nuist be compared. 

The essential anatomical points in the structure of the neuro-muscular 
spindle may be summed up as follows 

(1) The fibres which go to form the muscle bundle (Weissmann’s bundle) 
in the neuni-muacular spindle have a diamet/er less than that of the ordinary 
muscle fibre. The fibres arc* directly in apposition, and no csonnective 
tissue lies between them, though connective tissue lies aroumi Woissmann's 
bundle and constitutes the axial sheath of Hljerrington. The stiiatiou of the 
fibre is usually only marked in the marginal area, ami so on transverse 
section it looks like a Purkiiije fibre. Kegarding the two ends of Weiss- 
inanns bundle, one, the wider end, is muHoiilar; the other tendinous where 
the axial fibres of the liuudle are attached to the fibrous tissue of the 
capsule or to the tendon of the muscle. 

(2) Around it lies a lymphatic space. 

(11) Tliore is a distinct capsule of concentric superposed lamelhe of con- 
nective tissue. At the tendinous end of the muscle bundle it is thin and 
lidheres to the tendinous portion of tlic spindle : at the muscular eml it ia 
thin and may be absent. 

(4) In the vast majority of cases it is fusifonn in shape. 

Contrast this with the anatomical description given (jf the abrio- ventricular 
bundle in this paper, and it will be seen that, apart from the muscle cells being 
aimibvr to Purkinje fibres, they have nothing in commoiu This lack of agree* 
ment is further emphasised when we compare the nerve constituents of each : — 

(6) To the distribution ami termination of the nerve,8 in the neuro* 
muscular spindle, with its three distinct kinds of endings described by 
Kuffini, them is nothing cunnparahle in the atrio-ventricular bundle. 

(6) Ganglion cells are Tiot presenl in the neuro-muscular spindle, whereas 
they are a marked feature in the atrio-ventricular bundle. 

From the above, one must f^oncliide that, whatever the physiological 
sigtiificance of this bundle may Ih% it lias anatomically nothing in common 
with the neuro-muscnlar spindle. 


In conclusion, I wish to express my great indebtedness to l)r. Mott for 
allowing me to carry out a considerable part of this investigation at the 
Pathological Laboratory at Claybury, and for his kindness in assisting me 
to proctire a large part of the material which has been used. 
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EXPLANATION OF PLATES. 

A.V.B. — atrio- ventricular bundle. C.8. coimiary sinus. 

R.B. « riglit branch of A.V.B, M. — muscle. 

Tj.B. * left branch (»f A.V.B. G. ganglion cell 

B. bifurcation 


Plate 4. 

Pig. L — Dissection of rigJit atrium and ventricle of calf to show A.V.B. The band in 
seen passing from under atrial rauBcte near C.S. to B., then continued under 
medial cusp over right ventricular septum at R.B. towanls the insertion of 
moderator band (M.B.). 

V.C.L « inferior vena cava. M.C. »= medial cusp. 

A, w auricle, A.C, « anterior cusp. 

Pro. 2* — A-V,B. of calf looking down from above. The great portion of atrium has been 
removed to shov^ bifurcation in the up|>er part of ventricula r sepUim. 


R,V.S. « right ventricular septum. 
L,V.S, left ventricular septum. 
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Platb 5. 

Fig, 3. — Monopolar ganglion cell ; one of six lying among rauecle iibreB of A.V.B, on 
septal wall of calf. Zeiss comp. oc. 4, obj. 8 mm. 

Fig. 4.— Group of ganglion cells lying among nerve fibres in A.V.B. On left aepUl wall of 
calf. 

A. - nerve fibre breaking up near muscle fibre and entering into muscle 
plexus (nt)t distinguishable with this low jjower), Zeiss oc. 6, obj, AA. 

Fio. 5. — Ganglion group in A.V.B. of calf, showing pericellular plexus around ganglion 
cell (Ct*j) containing fibres from three nerve cells, 

G.j nerve cell which sends off process (dendrite) B, which branches 
repeatedly within ganglionic group. One of these branches breaks up into a 
jietwork which embraces the adjacent ganglion cell 

G. — nerve fibre from an adjacent ganglion — not shown — which breaks Uf» 
into two branches : from these, twigs pass into plexus around G.g, others into 
plexus around G. ^ 

D. — nerve fibre from nerve cell in same group as C, which breaks into 
plexus around G.j. 

E. varicose fibril clinging to A — ueuraxis of G.,. 

Fig. 6. — Nerve cell in A.V.B, calf, containing a well-marked nucleus with halo. The cell 
has several small processes which project, like sharp prickles. It has one long 
process, A, which divides frequently ; its ultimate branches become varicose 
and lie in close proximity to muscle fibres of A.V.R Zeiss comp., 00 , 4, 
obj, 2 mm, 

P 14 ATB; 6. 

Flo. 7.— Plexus around and adjacent to muscle fibres of A.V.B. of pig, immediately to 
coronary side of its division into right and left septal branches. Zeiss oc, 4, 
obj, 8 mm. 

Fig, 8.— Plexus around muscle fibres of left septal branch of A. V.B, of pig. Zeiss comp, 
oc. 4, obj. 2 mm, 

Fm. 9. — Vasomotor fibres in small artery in A.V,B, of pig. 

S.N. »» sensory nerve, S. == sensory ending, V.M.P. = plexus of fibres at 
bifurcation of aitery. 

Fig, 10.— Sensory ending in wall of artery in A.V.B. of cow. 

A. « nerve which breaks up into complex ending. 
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1. Intkoouotion. 

Not until much work had been done at tl}e phytoplankton of the fresh- 
waters of Western Europe were investigations of a similar nature begun in 
the British lakes and rivers, and it is during the last ten ytuirs that almost- 
all our knowledge of this branch of freshwater biology has been acc| aired. 

We have ourselves conducted nearly all the Britisli investigations, and' 
we now think the work has progressed sufficiently to enable us to 
summarise the results, and to institute coinparisous between the British 
phytoplankton and tliut of continental Europe and other regions. 

Since 1900 we have collected plankton from a large number of lakes m 
the west of Scotland, from some of the lowland Scottish lochs, from 
practically all the lakes of tho English Lake District ami most of tliose in 
North Wales, from nearly all the lakes of the west and south-west of 
Ireland, from Lough Neagh and Lough Beg, from Malham Tarn in West. 
Yorkshire, and from the Rivers Ouse, I^ochay, aud Bunn. In the collection 
of material for these investigations we have been greatly assistetl by' four 
grants from the Government Grant Committee of the Royal Society aud two 
from the Fauna and Flora Committee of the Royal Irish Academy. 

From a biological standpoint the British lakes are of great interest, and 
since the publication of the first reports on their plankton, the diversity of 
the Algal constituents has been a revelation to the freshwater biologist. 
In the numbei’ and diversity of the species constituting this phytoplankton 
VOL UdCXL—B, N 
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the lakes of the western British areas stand ahead of any other lakes which 
have so far been investigated. 

The numerous Scottish lakes are almost all of a montane character. 
They are situated in the vicinity of high mountains and in a northern 
latitude, and many of the higher plants occurring in these localities in 
xibundance, at almost sea-level, ai*e typical montane species,'^ 

Tlie lakes of the four principal areas examined, the North-west Scottish, 
the West and South-west Irish, the Welsh, and the English lakes, are 
situated in the most mountainous parts of the British Islands. As these 
areas contain the great majority of the Britisii lakes, and are all 
geographically in the west or north-west, they can he spoken of as the 
wcHfvni amd north-wcMern lulxC-urms. The mountains amongst which they 
arc situated arc composed almost entirely of old forinationR, and the lake- 
basins are for the most part drainage areas on outcrops of Older Pahcozoic or 
of l^recarubrian rocks, often with associated intrusive Igneous masses. 

Malharn Tarn, West Yorkshire, and Lough Neagh are somewhat isolated 
lakes, and their phytoplankton is considered separately. 

Wlierevor possible, boats were used for tlie collection of the plankton, and 
for one part of the investigation of Lougli Neagh, the Lough Foyle and 
Eiver Bann Fisheries Company kindly lent a steam launch. The smallest 
tow-net had a mouth-diameter of 6 inches and a length of 16 inches, the 
largest was 12 inches diameter and about 36 inches in length. The nets 
were usually towed after the boat at a speed of about to 2 miles per hour, 
hut on Lough Neagh the large nets were used up to a speed of 4 miles per 
hour. They were generally kept in the water from 20 to 30 minutes. 

We have come to the conclusion that the hest funiig agent 'La 2 or 3 per cent, 
foTvialiny hid it shoxdd edwaya he rrflaccd before the materia! is examined. 

Neither picric add nor chromic add should he used in plankton* work, as it is 
almost impossible to wash the material free from these reagents by ordinaiy 
methods, and all the gelatinous colonies are broken up. Alcohol is also to be 
avoided, as it causes too great a shrinkage and distortion of the more delicate 
plankton species. 

During the past 18 years we have been acquiring a very extensive 
knowledge of the distribution of British freshwater Alga;, having made many 
thousands of collections in all parts of the British Islands. As the lake- 
areas are the richest parts of the country for freshwater Algae, these districts 

Occurring in abundance around these lakes are '.—Festuoa ovina, var. mvipara^ Andreofa 
/tot/iiiy A* petropkilaf Brywm alpmutn^ various species of Ehacorrdtriumj Antkelia Julao^ 
Ptatysma tristCy Ciadonia cervtaomu, Stereocaulon coralloidesy t^pheero^yhoron coraUouhi^ 
Becidea geographical etc, The whole district is almost treeless. 
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have been worked very extensively, and as we did not begin plankton 
investigations until 1900, we have a much more complete knowledge of the 
general AlgaJ-flora of these areas — such as is found in the bogs, lake-margins, 
streams, on the wet rocks of the glens, etc. — than of the phytoplankton. In 
consequence of this previous detailed acquaintance with the Alga; of the 
lake-areas, we are enabled with a considerable degree of accuracy to state 
which species should be considered as true comtitueats of the 'plankton and 
which should not. The other constituents are casual or adventitious, and 
their sojourn in tlie plankton is both temj^orary and accidental. 

The work has been entirely of a qualitative character. We have had 
neither the time nor the necessary funds to conduct quantitative investiga- 
tions such as those caiuied out by Apstein,* ZacIiariaH,f Lemnierrnann,^ 
V(>lk,§ etc., in Germany, by Wesenl^erg-LundH in Demuark, by Huitfeldt- 
KaasIT in Norway, and by others in Switzerland and the United States.** 

We liave also met with many difficulties in attempting to acquii'e a 
knowledge of the periodicity of the plankton of the British lake-areas. 
Neither academic duties nor funds have permitted the necessary number of 
visits to these areas which would be required in the course of a year in 
order to obtain an adequate idea of the periodicity of the plankton. At the 
very least, monthly visits would be imperative for reliable results to bo 
obtained ; and to collect material from a number of lakes, even in one 
district, would require several days, not to mention llie diftkuilty, and in 
some cases the impossibility, of obtaining boats in the winter months. It is 
likewise no easy matter to tind suitable men on the 8})ot of sufficient 
intelligence to carry out detailed instructions at regular monthly intervals 
throughout the year.ff 

* Apstein, ‘ Das SUHswasserplaukton, Methode und Reeultate der quautitativ. IJnter- 
suchung./ Kiel und 1890. 

t Zacharias in * Forschungsber. Biol Stat. Pldn,’ vol. 3, 1896, etc. 

t Lemmermann, “Das Plankton der Weser bei Bremen/' ‘Arehiv fUr Hydrobiologie 
und Planktonkunde,’ Bd. 2, 1907, 

§ Volk, Hamburgische Elbe-Untersuchung., I u. VIII/' ‘ Mitteiluugen aus dem 
Naturbkt. Mm. Hamburg,’ Bd. 19, 1903 ; Bd. 23, 1906. . 

11 Wesenberg-Lund, ‘ Studier over de Danske Soers Plankton, KjObenhavri,’ 1004. 

IT Huitleldt'Kaas, ‘ Plank touundersogelser iNorske Vande,' Christiania, 1906. 

C. Dwight Marsh, in ‘ Wisconsin GeoL and Nat. Hist. Survey Bull,’ No. XI I, 1903 ; 
Kofoid, in ‘Bull. Illinois State Laboratory of Nat. Hist./ vol 8, 1908. 
ft We are at present receiving regular periodic collections, with some necessary da^a, 
from several of the Scottish lochs and from some of the lakes of the English Lake 
District. We have been able to arrange for these collections by means of a further grant 
from the Eoyal Society, Periodic collections have also been made for a period of two 
years from one of the large pools of the Midlands. The details of all these collections 
Will be published shortly. 
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II. Scottish La.kes. 

Extensive collections of phytoplantton were made in various parts of 
Scotland, but especially in the west and north-west, in August, 1901, May 
and August, 1902, April,' July, August, and September, 1903, fnid August, 
1907. The arms comprised IWth, Inverness, Koss, Sutherland, and the 
Outer Hebri(Jes. We have also examined a number of collections made by 
Mr. James Murray of tlie Scottish Lake Survey (Pullar Trust). In all, we 
have examined phytoplankton from 38 of the most important of the Scottish 
lochs. The results of these investigations have already been published,^ 
the previous work being represented by a short report by Borge on some 
phytoplankton from the Island of Mull.t Mr. James Murray has also 
examined the plankton of a very large number of the Scottish lochs, and has 
at different times commented upon tlie occurrence and distribution of the 
phytoplankton.^ Further remarks upon the Scottish phytoplankton have 
been made by Wesenberg-Lund in comparing it with the plankton of the 
Danish lakes, § and still more i^ecently a pa])er has appeared by BachmannII 
comparing the results of Scottish material with plankton from the Swiss 
lakes. 

The Scottish phytoplankton is largely Chlorophyceous, and is conspicuous 
for the large number and great variety of its Dosmids, among which the 
following are perhaps the most noteworthy : Xanthidimi svhhastifcmm, 
SfAmmstr%vm cmdtinum, St O'phiura, and St, jaculiferum. In some of the 
lochs, Mesotceniwri macrococam^ occurred as a normal constituent of the 
plankton. This is a most interesting adaptation of a colonial wet-rock 
species to a limnetic life, with an accompanying reduction in size of the 
colonies and their assumption of a spherical form. A similar adaptation of 
the mucous colonies of Comnocladium saxmieum to a limnetic existence is 
also found in both the Scottish and the Irish lakes, but much lass frequently. 

In the smaller and more elevated lochs, Microapora antosna is a characteristic 

* W. and G. S. West, in ‘Linn, Soc. Journ. Bot,’ vol. 3/>, Nov., 1903 ; in ‘Boy. Soc.. 
Edin, Trana/ vol. 41, pajl; 3, 1905, 

f Borge, ‘Algol. Notis. 4, SUssw.-Piankton au» Insel Mull,* Botaniska NotUer, 1897. 

I Vide James Murray, in ‘ Boy. Physical Soc, Edin. Proc.,’ vol. 16, Jui»o, 1905 ; and in 
various repents, under the direction of Sir John Murray, on the Bathymetrical Survey of 
the Fi-eshwater Lochs of Scotland in the ‘Geograph. Journ,,* 1900™1908. 

§ Wesenberg-Lund, in ‘Boy. Soc. Edin. Pioc.,* vol. 25, part 6, 1906 ; also in appendix 
to a aubseejuent paper, ibid,, part 12, 1906. 

jj Bachmann, in ' Archiv fUr Hydrobiol. u. Flanktonkunde,* vol. 3, 1907. It should be 
mentioned, however, that some of Bachmann’s records are open to serious doubt* Hia 
identiheations do not appear to be strictly accurate. We might ask, among many otlier 
questions, “What is Oo/manum lunariaV* He also copies Tanner-Fulleinan*« records,, 
some of which appear to be equally doubtful. 
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•constituent of the plankton, and sterile filaments of slender species of 
Spirogyra, Zygnema, and Mougeotia occur in abundance. The more slender 
species of Mougeotia are generally the most abundant of these filamentous 
Algee, and in some instances they exhibit a coiling of the filaments such as is 
known to occur in certain of the plankton -forms of Melosim. (Consult fig. 1.) 



Fia. 1. — A Coiled Filament of one of the Sterile Species of Mougeotia from the Scottish 

Plankton, x 300. 

The Protococcoideas are not very abundant in the deeper Scottish lochs 
most of them having a decided preference for shallower and warmer water. 
The most frequent are Botryococms Brmmii, S 2 )h€erocAjstis Schroekri, 
gigas, and AnhutrodeMus falmtm. 

Diatoms are conspicuous, largely due to the occurreiice in quantity of 
a few species, They occur throughout the spring and summer in large 
numbers in the deeper lochs, as the temperature of the water never becomes 
very high. Many of them are adventitious constituents washed into the 
plankton from the bogs and shores, but some have become established as true 
plankton-species. There are about 18 well-established species in the 
plankton, but only the three species of lihizosolenia are of exclusive limnetic 
habit, all the remainder occurring in other situations. 

The Myxophyceic (Blue-green Algae) are very poorly represented in the 
deeper lochs, and are by no means abundant in the smaller, shallower lakes. 
The phenomenon of ** water-bloom is very rarely met with, and discoloration 
of the water, even of the smaller lakes, does not occur either very often or 
with any great tegularity as the result of the accumulation of large 
quantities of Blue-green Algte. 

The only periodic collections which have so far been reported upon were 
those made in Loch Ness and examined by Bochmann and our own 
* Bachmann, toe, 1907, pp. 8^—88. 
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observations relative to the periodicity of the Scottish phytoplankton are 
amply confinned by Bachmanu's brief report. 

Besmids are the dominating constituents in the late summer and early 
autumn, and there is a preponderance of Diatoms in the colder months, but 
compared with the seasonal variations of the phytoplankton in some lakes, 
these differences are not very conspicuous. 

Specimens of IHnohryon occur in quantity in the spring and summer, and 
the Peridinieic are represented by 11 species, although in the larger lakes 
they are by no means numerous. 

Of a total number of 354 species observed in the phytoplankton, 49*4 per 
cent, are Desmidiacese, 17*7 per cent, are Bacillarieop., and 8*7 per cent, are 
Myxophyceie. 


III. Lakes of the Orkneys and Shetlands. 

We have examined material from one freshwater loch in the Orkneys and 
from six in the Shetlamls. The collections were made in August, 1903, and 
the results published in 1905.* Mr. James Murray has collected material 
from 34 lochs of the Orkneys and Shetlands, and has briefly noted a few 
species of the phy toplankton.f 

Although containing a considerable number of species, the phytoplankton 
was not very rich. Most of the lochs were shallow, and contained quantities 
of Asteriomlla formo$a. Pediastrum Boryanmi and SceTiefkmnus q^iad^riaiuda 
were both fairly common. Colonies of a Cmcigenia^ described by Wille from 
the Norwegian plankton as C. irregularu^ but most probably only irregularly 
developed forms of 0, Tectafujularin, occurred in several lochs of the 
Shetlands. 

Desmids were frequent, and in some cases numerous, but the species were 
mostly those of shallow lowland lakes. The cliaracteristic western British 
types were absent, although further investigations in the Shetlands would no 
doubt bring some of them to light 

Peridiniefie were abundant, as is so frequently the case in shallow lakes, 
and the ubiquitous Ceratium hii'undindla was much moi'e generally abundant 
than in the larger Scottish lakes. 

Out of 52 species of Algse described by Borgesen and Ostenfeld§ as 

* W. and G. S. West, in ‘Bot. Soc. Edin. Trane,, ^ Nov., 1904 [1906], pp. 6—10. 

+ James Murray, in ^Eoy. Soc. Edin. Proc.,’ June, 1906, pp. 66, 60. 

X Wille, in ‘Nyt Magasdn for Naturvidenskb,,* Bd. 38, Heft 1, 1900, p. 10, 1. 1, f. 16. 
Consult also the remarks of G. S. West, ‘Treatise Brit Freshw. Alg.,* 1904, p. 917 ; and 
Ostenfeld in ‘ Hedwigia,' vol. 46, 1907, p. 383. 

§ F. B6rgesen and C. H. Ostenfeld, “ Phytoplankton of Lakes in the Faeroes,'* ‘ Botany 
of the Faeroes,’ Copenhagen, 1902. 
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occurring in the plankton of the Faeroese lakes, 28 were observed in the 
plankton of the Orkneys and Shetlands. 

Of a total of 178 species observed in the phytoplankton, 47'4 per cent, 
were llesmidiacefie, 2[)'9 per cent, were Bacillaricie, and 9*6 per cent, wore 
Myxophyceaj. 


IV. The Irish Lakes (West and Sodth-wkst), 

In 1906 wo published an account of the plankton of some of the more 
important lakes of the West and South-west of Ireland from collectiorm 
which we made in May, August, and Seiitember, 1004. 

In the summer the phytoplankton is greatly in excess of the zooplankton, 
and the Entomostraca are only dominant in tlu^ early spring iiionUis. As in 
the Scottish lakes, the phytoplankton of the lakes of the west and south- 
west of Ireland is to a large extent Chlorojdiyceous, but tlie llacillarieic, the 
Peridinieic and to some extent the Myxophycete, arc also conspicuous. The 
latter are much more notict^able than in the Scottish plankton, especially 
species of Amxkcna, OscAllatorki^ Gomplwsphceria, Cidos 2 'ih(rnum, and Chroo- 
tocniH. 

The Ilesmids arc inimerous, and include many of the characteristic western 
types. There is a great abundance of Spimdylosium imlvkrim, var. 
Staurastrum a7iatiivuvi, St, jamdiforimy St ArctkcoHy St. psmdopdayicnmy and 
St, paradonmiy var. Urmjipny but a curious absence of St. Ophiicra. The latter 
is a feature of a large proportion of the Scottish phytoplankton, but we have 
not yet observed it in the Irish lakes. In tlui lakes examined, the Ilesmid- 
flora of the plankton was not quite so rich as that of some of the Scottish 
lakes, but we think that an investigation of many of the smaller lakes of 
Galway and Mayo would bring to light a phytoplankton not at all inferior 
to that of the western Scottish lochs. 

Diatoms are very abundant, and form a relatively large part of the Irish 
phytoplankton. Centric Diatoms are more numerous than in the Scottish 
plankton, and are represented chiefly by species of Mehsira and Cydotella, 
TabellaHay Asteriondlay and the narrow forms of Synedra are very conspicuous 
in the Irish lakes. 

The Peridinieee are generally abundant, and are represented by 10 species. 
Much the most interesting of these is Peridinium limlatnm. (fig. 2), a charac- 
teristic horned species which occurred in some of the small lakes of Galway. 
It has only been found elsewhere in the United States. 

^ W. and G. S, West, A Comparative Study of the Plankton of some Irish Lakes/ 
*Boy. Irish Aoad. Trans./ vol. 33, sect. B, part ^ 1906. 
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Of a total of 246 species observed in the phytoplankton, 41*7 per cent, 
were Oosmidiacete, 19 per cent. Bacillarieee, and 13*3 percent Myxophycece. 



Fkj. 2 . — Peridinhmi limhatum (Stokes), Lemm., from the Plankton of a small Tjiike between 
CM if den and Boundstone. Galway, x 500. The reticulated surface markings of the 
eell-wall are only indicated on one of the plates. 


V. Lough Nkagii. 

The first contribution to the plankton of the Irish lakes was an account of 
the plankton- Algte of Lough Neagh and Lough Beg * the material having 
been collected in May, 1900, and July, 1901. This material has since been 
subjected to a further examination. The lake is bo isolatoii, atid, moreover, 
«o differently situated from the other Irish lakes examined, that we have 
kept tlie records in a separate column in the tabulated list of British phyto- 
plankton. It is also of interest as being the largest lake in the British 
Islands; but although covering a large area it is very shallow, its average 
depth being only 45 feet, and the deepest sounding (made in the north-west 
corner), is only 96 feet. 

The phytoplankton consists largely of Diatoms, Peridiniese, and Chloro- 
phycege. Of the latter, a few of the Desmids characteristic of shallow lakes 
Are abundant, and StanraHtrum paradoxuin, var. longipeB^ occurs in prodigious 
<j[uantity. St. pelagimm was first described from this lake, and has since been 
found in the lakes of Germany and Iceland. The Protococctoidese are very 
well represented, species of Cielastmm, Pediaatrimi, and Oocydis being 
especially noticeable. Of the Diatoms, Tahdlaria fenedrata^ var. 
loideSf is the most conspicuous, but CoadTwdUous lacustris, Cymatopleura 
dliptim^ and species of Stirirella are also abundant. The Myxophyoeee are 

* W. and O. 8. West, “A Contrib. to the Fresh w. Alg. of the North of Ireland,” *Eoy. 
Irish Acad. Traus.,' vol. 32, sect. B, part 1, 1902. 


1908.] 


The British Freshwater Phytoplankton. 


173 


well I’epreeented by species of Analmma and Ondllatoria^ the narrow limnetic 
species of Lynffhja, species of Cmlosphoerium., Gomphosphmriam, and Aphano* 
thece ; aixd GhroococcuB limneticm is abundant. Three species of IHnolyryon are 
fairly common, but we have no evidence to show whether they ever become 
dominant or not. 

On the whole, the phytoplankton is a combination of that which occurs in 
shallow lakes with that of large pools and ponds. Out of a total of 
128 species observed in it, 17T per cent, were Desmicliaceas 25*7 per cent, 
other Chlorophycea?, 32 per cent. Baoillariejo, and 16*4 per cent. Myxophycem. 

VI. Tirw WET.SH Lake-akka. 

Plankton collections were made from 19 of the Welsh lakes, mostly those 
of Carnarvonshire, during June, 1905, August and September, 190G, and 
April, 1908.* 

The phytoplankton of the spring and summer is essentially Chloro- 
phyceous, and as in the case of tlie Scottish lakes, is especially noteworthy 
for the abundance of its Desmids. There is little bulk even in the summer 
plankton, and in general it lias practically no effect on the colour of the 
water. The Desmid-Jlora iti m'tain of lakes is ('qual to that found in the 
Hekest lakes of the north-west of Seoilamly and in one ease — the Capel (hxrig 
Lakes — is superior to that known from any other lake in the tcorld which has 
been hioloyically investigated. 

Of a total of 162 species which we have observed in the phytoplankton 
of the Welsh lakes no fewer than 101 are species of Desmids. 

The Protococcoidcae are relatively few, botli in number of species and 
individuals, A nkistrodesmim falcatus and Uotryocoe>em Braumi being the most 
frequent. 

Diatoms are not conspicuous, and there are fewer species in the Welsh 
plankton than in either the Scottish or Irish lakes. 

Apart from the spasmodic occurrence in fair quantity of one or two species 
of Anahmna, and the moderate abundance of OsenJlaUma Agardhii, the blue- 
green element is distinctly scarce in the Welsh plankton. 

Species of Dinobryon and various Peridinieai occur abundantly in the 
Welsh lakes. Ceratiim cornntmn is more abundant than in any other part 
of the British Islands. 

There is no great development of peat in this Welsh lake-area, and the 
water of the lakes is for the most part clear and limpid. The drainage is 
mostly down steep mountain sides, with occasional bogs and boggy pools, 

* Th« details of these coUectiotts are being publiehed separately. 
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The Capel Curig lakes merit special mention. The summer plankton is 
almost a pure ] >esmid-plankton, and consists largely of those rare and 
handsome species which arc almost exclusively confiiuxl to the west-coast 
districts of the British Islands. The following species occur in great 
abundance : — Mlerastc^'ias raduttfiy StanraiifrKii} amiinunif St. aversK'nif 
St. yirctiita)/i, St. Cerastes, St. lon(jift],dnitrti, and a stout variety of St. (}j[)hivni. 
It is interesting to note tliat St. anatimvm is present in jirodigious abiuidauce, 
as it was from the littoral region of this lake, near the outlet, that it was 
originally described. Aticrasti riaB racUaia exists in myriads in the plankton 
of tliis lake, occurring in a profusion unknown in any other of its British 
localities. 

Mixed with the Desmids are numbers of Ceratium roninUm, and a very 
few imUviduals of Tahllarla feticst rat a and T. Jlocvulosa. 

Of a total of 162 species observed in the Welsh phytoplankton, 02*4 per 
cent, were Besmidiaceic, ITl ]>er cent. Bacillarieaj, and 7*4 per cent. 
Myxophyce^e. 

VII. The Engush Lake- area. 

Plankton collections were made from 18 of the English lakes in June, 
1903, and September, 1900 ; and sincc‘ then ]>eriodie collections have been 
commenced in Windermere, Ennerdale Water, and Wastwater.* 

As in the Welsh lakes, the phytoplankton of the s])ring and summer is 
essentially Chlorophyceous, and contains luimorous Desmids, but although 
most of the typical British plankton-Desmids occur, they are not represented 
by so many species as in the Scottish or Welsh lakes. The most frequent 
are the spiny sj>eciea of Stan rant rum, St. lunatnm, var. jdancUmlmm^ 
St. Arctiscon, JCarithulmm antilopfcum, Cosmariura snhiumidtim, var. Klebsii^ 
and Spomlylosium pnlehruyn, var. plamm. The presence of Siaurastrum 
Ophiura in the plankton of Easdale Tarn is particularly interesting, as this 
Ilesmid is not known to occur in any of the bogs of the English lake-area. 

The Protococcoidefe are somewhat scarce, GlmcyHtis yiyaM and Splmrocystis 
Schrocteri being the only generally distributed species, and these only in 
small quantity. 

The Bacillarieee and Myxophyeese are represented by relatively few species, 
but in some of the lakes Diatoms are dominant constituents of the plankton. 
Particularly is this the case in UUswater, in which Asterionella fomwaa 
was the dominant constituent of both the May and September plankton. 

* As no work has previously been done at the plankton of the English lakes, only the 
list of spedea is given for comparison with those of the other British lake-areas. The 
details of the investigationfi are reserved for special publication. 
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SjKJcies of Binohrymi are comraon, especially in the early summer 
plankton. In the May and June plankton of Cnunmock Water and 
Derwent Water Dinohryon cylimlricumy var. divcryemy completely dominated 
all other constituents. 

Compariaou of precisely similar plankton-samples from the various lakes 
of the English Lake District shows clearly that the proximity of habitations 
has a distinct effect on the relative bulk of the plankton. Those lakes which 
are contaminated hy the presoiee of nmnenms dwellings and villayes along or 
near the shores possess a relalirely greater htdk of pUvakton than those free from 
(vniavri nation. The explauatioii of this fact is most prohtibly the increased 
amount of nitrates in the water of the contaminated lakes. 

Out of 188 species observed in the phytoplankton, 51 per cent, were 
Desmidiacepc, 21 per cent, were Bacillarie.T, and 9*5 per cent. Myxophycete. 

VITI. Mauiam Taiin, West Yorkshire. 

This lake is the largest natui'al slmet of water in Yorkshire and covers an 
area of 153 acres. It is situated on a limestone plateau at an altitude of 
1250 feet, and there is an extensive peat-hog at its nortliern extremity. 

The material was collected by boat on July 23, 1904. 

Out of a total of 20 species oliserved in the phytoplankton nine were 
Desmids. Spharocystis t^chroetcri was very abundant and Volam aureus 
rather common. Only one Diatom was observed, and four Blue-green AlgfC. 
Ccratiuni hirundinclla was very common. 

The following is a complete list of the species observed : — Mmgeotia sp. 
(sterile), Oonaiozygon monoUenmm, Cosniarhim Botrytis and var. dtpre^iniy 
C, depresswmy Btmmistrum Aviciday var. saharemtumy S(, hrtvvkpbvumiy St, 
ftircigenimy St, Manfeldtiiy St. ptradiminiy St, teliferiuny Volvox aureus^ 
Pedia>stTum Boryamivit Sj)lurrocysiis Schroetcriy Surirella hisetnatay Oseillatoria 
AgardMiy MicrocystiH (rniginosay Merimiopedia eUganSy Chroococcus limmtwuSy 
Ceratitm himndindlay and Pcridiiiinm sp, 

IX. The Biirnsii River-plankton. 

The first account of British river-plankton {potanwplanUon) was the 
comparison of that found in the Upper River Bauu with that of Lough 
Neagh,* and since then Fritschf has published an account of the phyto- 
plankton of the Rivers Thames, Trent, and Cam. We have also examined 

* W. and Q, S. West, in ‘Roy. Irish Acad. Trans./ vol. 32, sect. B, part 1, 1902. 

t Fritsch, in ‘Ann. Bot./ vol. 16, Sept, 1902 ; f/nrf., vol 17, Sept., 1903 ; ibid,^ voL 19, 
Jaii„ 1905. 
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the plaiiktou of the Rivers Ouse, Avon, and Cam in Enghxnd, and the River 
Lochay in Scotland. 

It would appear that some phytoplankton occurs all the year round in the 
British rivers, due mostly to the absence of sevei'c winters, and that in the 
winter months the living constituents are mostly Diatoms. In fact, Diatoins 
dominate ihronyhout the entire yea't\ the most important genera Iwing 
Astcrioiulla , Si/nedm, MeUmra, Snrirella, and Frag if aria. Fritsch* summarises 
the phytoplankton of the Thames in the course of a year as follows : — 

Mixed Plankton (with Aaterio^ulla-iihm^) — M(dosira — Synedra — ► Mixed 
Plankton. 

We find Melodra rarimis conspicuous in the spring-plankton of British 
rivers and persisting in quantity through the summer until the late autumn. 
Synedra Acus is one of the dominant summer species in the British rivers, 
although it is a spring or an autumn form in the Oder, the Danube, and the 
Illinois River. Surirella hiseriata and S. rohxista, var. nplendida, are often 
conspicuous in tlie summer-plankton, the former being the more abundant, 
which is never tlic case in the lake-plankton. 

Certain Protococcoidese occur in the late summer, but never in great 
([uantity. Species of Pediaatmn, ^cenedemmta, and a few other genera are 
the most frequent, and occasionally odd specimens of a Cotmwriim. or 
a- Closterium may cKteur, 

Flagellates and some of the Volvocacem occur mostly in the spring months 
and generally attain their greatest abundance before the maximum summer 
temperatures. Endorina elegana is most irregular in its occurrence, and is 
often found in quantity in midsummer or oven in early autumn. We have 
never found the Volvocacete so numerous in river-plankton as they often 
become in the plankton of lakes and pools. Fandorina. mo^rum is the most 
frequent both in the rivers and small pools. 

The backwaters of the rivers are largely the bleed iug-places of the 
plankton-organisms, and as pointed out by Kofoid, their contributory 
function to tlie plankton of the river is at its maximum during the decline of 
the floods. It is during such times that vast accumulations of plankton-units 
are carried into the main stream. 

Melodra varians, Fragilaria capvrim, and Cydotella Kiltzingiana are 
perennial plankton-organisms in the rivers we have examined. 

X. Geneeal Comfauisox op Bkitisu Lake-akkas. 

In summarising our present knowledge of the phytoplankton of the 
British lakes, it has Ixeen one of our first duties to obtain a record of the 

* Fritsch, foe. cit^ 1903, p. 637. 
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species which occur in the different areas. As these records have never 
previously been correlated, we have drawn up the following tabulated list of 
all the species observed in the phytoplankton of the Britisli Islands. 

In this list those Algse, which, so far as is known, are cxclasimly confined 
to the filanldon are marked “ P ” ; those which are exclunvely plarUdon- 
varietits of species which frefpiently occur in other situations are marked 
“Pv”; and those species which are more ahundxmi in the planktmi than 
elsewhere are marked p.” 
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„ Cornu ^ Elirenb 

,, Ct/nihur, l)e Not • 

„ „ var. curvatissijttnm, W. and Cj-, S. : 

West J 

,, fhrorurn^ Breb ; 

,, JJiftHfVy Khrenb. i 

, , JCh7'en berff u , Menc gh ^ 

,, incurvutn, Breb ■ 

,, Jewweri, Kalfn ' 

,, Jiitiridum, Balfa j 

kUitzinf/iif Breb ; 

„ ,, vftr. onycho^itorum^ W. am) O. S. 

Wc8t‘(Pv) : 

,, heihlnnii^ Kiitz | 

,, fibre ub, 

„ hnnula (Mull.), Nitssscb 

,, nmciUn-tumf Br<^*b ; 

„ 7no7nliferum (Borj ), Ebrenb | 

,, yiarvuium^ 

„ ^ro»u>rt, Br6b ^ 

,, p8€udo(iiann\ Bov I 

,, roHtraium, fibronb i 

„ SBtaoeu^mf fiJm^ub | 

„ „ Vftr. tlongfiium^ W. and G^. S. West 

(Pv) 

„ Htriolaium^ Ebreinb 

„ /oiTon, Went ! 

„ efolumon I 

„ /«rj5^id«TO, fihrenb-, jonna //Wra, Qutw. 

,, Fooke 

„ rVwu^, Kiitz ; 

Docidivin Br^b ! 

PUwrotseninm voi*onatum^ Br6b ! 

„ ,, var.^ttf/wa^ttw, West ! 

„ Mhreiffhergii (Bal£e), I>e Bary * 

„ «od<ytf</w (Bail.), Blind ! 

Teimftmorui Br4H$80nii (Menegli,), Ralfg..., j 

„ (Breb,), Raifg i 

,, \asvi8 (Kiitz.), RaHs 1 

Bmatruin c^fftm^ BviXU 1 

„ amfullaoeum^ Half* 

„ ansaium^ Baif« 

„ bidentatum^ Mg 

,, hinale (Turp,), lEhreub 

„ craimm (BriSo.), KUtz 

„ dmtwulatnm (Kirchn.), Gtay 

„ DideUrt (Turp.), RaUs 

„ tUgwHs (Br^b,), Kiifcz 

, , gmnmatum^ Half » 

,, montanunii W. and O. S. West 

,, pblongum (Grey.), Ralfg 

„ pectinatumt Bjrfb 

„ „ Tftr. inepolutum^ W. and G, 9, We»t 

„ pinnatum^ Ealfg 

„ Jjenom J ■ 

„ verrucoai^mt Ebrenb 


(Sag •'I 

pus) i|§no' 
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8 

02 O 


Eiia»trum verrncosinny rar. redttcftjimy Nord<»t. (p) 

,, ,, var. p/awe/««/rMw, W. ai cl (J. H. 

rn^st (Pr) 

Micraaf firiatt Americana, Ehreub 

(tpu*iifa(a, Menegli., vttv, Jlmbriafa , Ralfs ,..i 
„ „ var. (Luml,), Nordf<fc. I 

tt confetia, Luiul i 

thntic-nfata, ^^T6h ; 

,, Jenneri, Kalfs | 

,, Mahabuleshicarensie, Hobson, var, IVaUichii \ 

( Gniti .) . \V . and G . S . W est 1 

,, Murrai/i^ W. and H. S, West (P) 

j, „ vnr. W. and G, S. West ! 

i 

,, pajnlUj'era, Hreb : 

„ „ var. ///aim, Kords! ; 

,j pinnatifula (Kiitz.), Halts i 

j, radiata^ Hass. [= M./nrrafa, KalfsJ (p) 

,, roiaia (Grev.), Hulfs i 

,, Sol ( Khrenb.), Kiitz. [ — M, radiosa^ KalfsJ (p)! 

„ truncafa (Corda), Brcb ■ 

Co^marium abbreviatum, Kacib | 

„ „ yur. planvtonicmn^ W. andG.S. : 

West (Pv) j 

„ (tnc/uJosum, iJreb., var. conoinmtm (Eabenli.), j 

W. and G. S. West 

,, biooidatnm, Breb ‘ 

„ .%//</;, Wille ! 

J, ^oeeX*j7, Wille | 

„ Botrytis, Menogb j 

,, ,, Ttvr. WoUe | 

,, „ var. dcpreseum, W. and G. S. West i 

(I’v) ! 

, , Bre hiitRom t , IVl t * n egb i 

„ . capittdnm, Boy and Bi.ss., vnr. grtynlandirvm, | 
BOrges. (p) j 

„ cmlatum, Kalfs 

„ ronnat%tm\, Brob 

„ contractumy Kircbn 

„ „ var. e/?tp#ou/etfm (JKlt'v.), W. and 

G. S. West 

„ conirorersvm. West 

„ Corrihense, W. and G. S. West (P) 

„ ew^o/ww, Nordst 

„ depressmn (Kfig.), Lund. [«« C, Soenedeemvs, 

BtOp.] (p) 

„ deprensmny rar. achondrum (Boldt), W. and 

a, S. West (p) 

,> di0oiley LUtkeiu 

„ „ var. euhlfeWy Liitkem 

„ Arcb 

„ formotnUmy HoiT 

„ ptobosumy Buln 

„ ffranatum, Br6b 

„ „ vnr. mbpramfttmy Nordst 

„ humile^ Gay 

impreseitlunty Elf r 




Lough Neagh (and 
L. Beg). 
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Mr. W. West and Dr. G. S. West. 


[Oct. 30, 


Species, 


§5 is ; 

l • O j 


Co^marinm Kjellmanni^ Willo, (jrande, Wille i x 

,, hundellii, I)elp., var, ictkiomcum. \V, aud x 

G-, S, West 

„ /tfws, Kabeuh., var. septentrionale^ Wille ...... x 

,, ,, forma ec/«w^«/arw (Wille) nob x 

„ hogiense, Bissett — 

,, war^^rtWiffl/ttm, Roy and Biesctt x 

„ margaritiftrum (Turp.), Menegb. x 

,, Mfneghiniiy Br6b — 

; „ moniliforme (Tur^i.), Etdfs x 

j, w*natutn^'Ra\{s x 

„ ori hostiohuifij Lund I — 

,, et)rt/e, Ralfs I x 

„ Phajteolti^f Br6b j — 

,, piteudopgramidafumyhnnd ; — 

„ punctulaiumj Breb .....j x 

, var. 9ubpunciufatftm (Nordst.), ! — 

Borges. 

„ pyramidaium^ Br<5b 

quadratum^ Ralfs, forma W. and — 

a. S. West 

„ RalfHi, Breb x 

„ rtniforme (Rolfs), Arch. x 

„ Lund — 

„ Burge x 

„ »«6ar(7<o»wi (Logorh.), Enoib x 

, „ forma punciaia^ W. and G. S. - • 

West 

,, nnhcostatum^ Nordst x 

J, ttuhtjr 0 niitumy Hantssoh x 

stfrbconiracium^ W. and G. S. West (V) x 

„ nubprotumidumf Nordst — 

„ jmb/ufnidumy Nordst., var. Khbsii (Gutw.) x 

W, and G. S. West (p) 

suhundin^-atum^ Wille “ 

9»hapeHo9umt Nordst — 

„ TWpinii, Breb. (p) - - 

,, teiraophthalmum (Kiitz.), Menegli x 

C 0 $m 0 cl<xdium saxonicumy De Bary — 

Xanihiditim arUiloppcum (Br6b.), Kiits x 

,, var, depauperaiunty W. and G. S. x 

” West (Pv) 

,, var. llehridarumy W, and G. S, x 

” West(Pv) 

,, Tor. IsBv^y Sclimidlc i x 

,, var. ^ofymaSMW, Nordst ; x 

„ Tar. triqmtrumy Lund, (p) ! — 

armatum (Br6b.), Rabenh - x 

„ var. ctrvicorn^y W. and G. S. West , x 

crUtatHmy Br4b i x 

,, var. uncimitumy Br6b i — 

J, fa^ciculatumy Wxtenh \ x 

„ West (pi j x 

var. Marrayiy W. and G. S. i x 

West (Pv) I 

„ eoairoeerfttw, W, and G. S. West, var. i x 

planoionicumy W. and G. S. West (Pv) I 


English lakes. 
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I Xanthidiam fetracentrotitm.V^^oMei, forma, W. andG-. S, 
j Wortft 

I Arihrodasmtis conrergms., Khreub 

„ W. nnd O. S. West (P) 

i ,, [newt (Breb.), Hass 

„ ,, var. longiapinum^ W. and O^. S. Woat 

(Pv) 

,, „ var. Ralfsii^ W. and G^. S. W esl-, forma 

> „ ocfocornit, Ebrenb j 

,, quirifentSf W. and G. S. West (P) ; 

; ,, atthulafits, Kutz \ 

, „ frinngularia, Lagerh . . ! 

,, ,, rar. (nthtriangularis (Borge), 

; W. and G. S. Weat (Pv) 

Stavrastrum aevleaUnn (Ehrenb.), Menegh 

,, W. and G. S. West (P) 

,, alletnanSj 

„ anMinum^ Cooke and Wills (p) | 

; „ ,, yux. grande^ W. and G. H. WVrtt(p) 

„ „ var. LagtrhBimii (Hob mi die), nob. I 

(r) , I 

„ „ var. lonqihrachiainmy W, and | 

G. S. West (Pv) I 

I „ „ var. pelagictm, W. nnd G. S. j 

West (Pv) 

„ ,, var. truueaiumi West (p) I 

„ awf^a/n/wm, West, var. planvtonuHtm, W, and j 
G. 8 . West (Pv) 

„ Br6b , 

„ Araohnej Ralfs ! 

„ ,, var. eurvaiumj W. and G. 8 . West i 

i (Pv) 

I „ Areiiaoon (Ehrenb.), Limd. (p) 

„ ariatiferum^ Ralfs 

i „ „ vnr. proUiherans, W. nnd G. 8 . 

I West (Pv) 

„ aaperum^ Br^b 

i „ Br6b ' 

I „ ,, rnr. (Wollo), West 

„ acerw(w, Lnud. (p) 

„ MUnianum^ Rivbeiih 

„ horeaUf W. ami G. S. West (P) 

„ hrachiaium^ Ralfs 

„ Brasilienae^ Nonlst., var. LttndaUii, W. nnd 

a. s. wwt(p) ^ I 

„ BnSb. (p) .......T.. 

„ „ var. altum^ W, and G. 8. West ' 

(Pv) i 

„ „ vnr. obveranm^ W. and G. S. 

West (Pv) , 

„ Lund ' 

„ Clmtex (Witt^, Boy and Biasott i 

„ eonspictixtm^ W. and G. S. West (P) | 

„ curmtum^ West (p) 

I, euapidaiMnnj Br^b I 

„ „ var. maieimum, W. and G. S. j 

WtMjt (p) 


Scottish lakes. 

'ts 

2 ^ : 

•g 

0 ! 

^ 2i 1 

W. and S.W 
Ireland. 

' a: ] 

! s 
• ^ 

1 




X 




X 

— 1 

..... 

X ' 

X 

— ; 

X 

— ' 

X 

X 


X 

X 

X 



X ! 

X 

X 

X 



X 

1 

X ^ 

X 

X 

— • ; 


X 

! 

X 

■ 1 

1 

■■ • 1 

X X , 


X 

>« 

i 

X 


X 



X 


' 1 


i 


i 

' 

I 1 


1 

X 

1 

-- 

— 

X X 

— 

X 

— 

— 



X 

— 

X 

X 


X 

X 

X 


X 

X 

XX X 1 



X 

X 


X 

X 

X ! 

— 

X 

X 

X 

X 

X 


X 1 

X 

X 

X 

X 


X 

X j 

X 

X 

X 

I 

i 

X 

— 

X 


X 




X 

X 


— 

i X 

1 

! X 

X 

X 

X 



1 

~ 


X 

j X 

X 

X 


VOL LXXXl.— B. 


0 


English lakes. 



182 


Mr. W. West and Dr. G. S. West. 


[Oct. 30, 


Speciea, 


SiauraMtrum cf*xpi<lahim^ var. Nordst 

,, cyrtocerumy Br6b i 

,, „ Tflr. compactum^ W. and U. S, ■ 

Weat (Pv) 

,, Br^b. (p) ! 

„ ,, var. la/fa/MTO, West (p) 

„ deniicnhiinm (Nftg.), Arch, (p) 

,, Diekiti^ Kalfis 

„ dilataiiini^ K}jrcnb., Tar. obiunlohum^ Ih* .Not-. 

,, dorHuletiiiferum^ W. and Gh. B. (P) ... 

Hreb. (p) 

,, fo^'ficHlaftim, Lund 

,, furcatum (Khrmb.'), Breb 

furcigeruntj V^VQh. (p) 

,, ,, forina (Khronb.) 

„ forma a/*wf 9 #'rar n^i^b.) | 

,, var. rtduDfttm^ W. and (L S. , 

Wewt (Pv) 

gracUe^ Kalf« 

var. «««««*, Wide j 

,, var. cyathiforme^ W. and (>. S. Wc8t, i 
forma 

,, grande^ llulnli j 

,, grannioxuntf Half 8 I 

„ var. acidnni (Br6h.), VV. and 
0 . S. Went, 

,, hejcarerum (Khrenb.), Witt-r 

Air.? «/«!«, Hri)b i 

,, iitjfifxum, Brcb ; 

,, inefegnHx^ W. and (L Wont (P) ....! 

irregniare, W. and G. B. Wowt 

jaculiferinn, W(‘st (biradiafco vertical view) i 

O') . ; 

,, ,, (trirudiate vertical view) (p) ...! 

,, ,, var. trTOffvahtmy W. and G. 8, I 

West (Pv) ] 

„ ,, var..vwAe.rfvj'ea^«w, andO. B. I 

W'est (Pv) j 

J, Biss 

„ iougispinvm (Bail.), Arch, (p) ,.,] 

„ „ var. bidentatum (Wittr.), W. i 

and G, 8, West (p) ' 

,, liinatumy Kalfs, var, ^danctomcnm^ AV. and 

G. S. West (Pv) I 

,, 3/affffiea#e, Arch. ... * 

„ Bclp. (p) 

,, Lund, (p) 

„ ,, var. HaoHcum, W. and G. H. ' 

West (Pv) 

„ monliculoeum, Br6h., var. hifarium, Nordst. 

„ mucronaUm^ Kalfs, var. suhiHangutare^ W, 

and G. S. West (Pv) 

OTw^icttwt, Br6b 

„ OphiuTiiy Lund, (p) 

„ var. cambricunit W. and G. S. West 

„ orAtew fare, Kalfs | 

,, „ var. depretnttHt Koy and Bissett 1 


.3 

S 

8 

rfj 


•-CJ 

Cl ja 
-^5 QD 


is 

cd 

II 

.•*5 


s 

3 


b£) 

a 


I X 


If 

t 


X I 
X : 


— , X . 



1908 .] 


The British Freshwater Phytoplankton. 


183 


Hpeaies. 


. 


4^ 0) 

n A 


Utaurasfrum pat'adoxum^ Moyon j 

„ „ Tar. cin^ulumf W. and 0. S. 

West, (Pv) 1 

,, „ var. hnffipes^ If ord»t. (p) j 

,, pelapicumy W. and 0. H. West; (P) * 

„ pilonum, Nilg. 

,, polpmorphum, Breb ^ 

,, polytrichum^ Perty ; 

„ pseudopelagicumy V\\ and U. H. West (P) ...1 

i ,, punci ulatutn^ Br^b. 1 

I ,, Stixonif'um, Butn I 

I St^htddi^ BeinHoin, var. producUim^ W. and | 

! (b IS. VV^^st. (Pv) I 

,, „ var. ornatnm^ Noi^st 

i ,, se^angulare (Buln.), Babenh, (p) t 

' „ ,, var. mipm’manemrium^ W. and j 

j 0. S. West (Pv) I 

I ,, uMieHitpinum^ W. and O. H. West ! 

I ,, »nhnudibra('kiafnmy W. and (>. 8. West (P) i 

#Mii,7raej7^Vw«;w, VV’. and 0. H West i 

1 ,, svhpggmHutm y West... 

t^djfrumy Kalf.s 

' „ fetractrum, Rtvlfs ' 

,, TohdprJcaUgcnfte^ Wolle, vur. irifurvatum^ 

, W. and (>. S. West 

I Breb 

! ,, veylicHlatum, Arch 

j „ Rulfs 

j Spondylosium pulchrmn (Bail.), Arcli., var. ptani^m, 

' ‘ (p) I 

I Sphn^ruzosma granulattim^ Rov artd Biswott 

„ Ah hert iVtw m w , AV ! 

I „ ,, var. (Gutw.),AV. and 

■ 0. S. West (p) i 

, „ RaH'w . ' 

I „ vertehraimn, Ralfs . , 

j D^smiditm aptogonum, Breb > 

I ,, ouarctatum^ Nordst., var. c«w6nrw»i, West, (p) ! 

; ,, gracilweps (i^ordst.), Lagerh j 

I , „ ociddzniale, W. and 0. 8. West (P) ! 

„ Pseudo8irepton«ma, W. and 0. S. West (p) 

,, ifwarizii^ Ag 

Ogmnospga moniKformiHy Ehreiib 

,y „ var. //mn,7eAriT«#, Nordst 

HgaloUeca dizsiliem (Sin.), Breb 

„ „ tonna ^Wrfew<«/a, Nonlst 

„ Indioa, Turn, (p) 

„ Klireub. . ; 

„ neglectay Kacib. (p) 

„ Rordst 

Pbivojf Khrenb ' 

I*U<td0rim mUfomira^ Shaw 

JBludorina elegans, Khreiib 

Oonium peHoralet Mdll 

l^andorina Morum (MtilL), Bory 

Chkmgdomonaz pulv%*cul^^f^ Khienb 
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Mr. W. West and Dr. G. S. West. 


[Oct. 30, 


Vrooovf'H^ insignis^ Kiitz. 


I Pediastrum Jiorgamim (Turp.), Menogli. 

,, ,, vnr. hrevieorne^ A, 13r 

i ,, ,, viir. Ralfs 

,, „ Tar. longioorne^ RoiiiHoli ! 

,, dvphx, Moycn J 

,, „ Tar. axpemm, A. Br \ 

,, ,, Tar. clafhraivmy A. Br. (p) | 

! ,, glanduliferum^ Bonn. . — 

,, intsgrum^ NUg | 

f, simplex, Me^Tcn : 

; ,, Tetras (EhrenK) Kalfn | 

I Sorasirum Amerir/tnutn (Bohlin), Hohmidle . 

,, «pia«/o#ww?, N^lg ' 

Cot la strum cam h ricti m , Arc! i . (p } ' 

,, mic^^oporumy N^ig i 

,, Moras y W. and 8. WobI 

„ ret^cxdatam (Dang.), Senn. (p) ! 

„ aphicric^imy Nilg | 

Crucigenia guadrata, Mon'oii i 

„ rectangularu (Nfig.), Cray 

,, „ forma xrrcguiare (Willo) 

„ Tetrapedia (Kirohn.), W. and Q*. S. Wost (P) 
Srened«*mus aouUformi*y Sohriidor, Tar. Itrasificnaia 

(Bohlin), W. and C4. S, West 
„ bijvgatus (Tur]>.), KiiU 

,, ,, forma <aro««/«w (Lomm.), W. and ! 

G^. 8. West (p) I 

„ denticulaluSy Lagerh., var. linear is y Hansg. I 

„ ohHquasy Kiitz i 

„ JiysiriXy Lagerh 

„ gaadricaada (Turp.), Br^^b 

„ „ var. ahundansy fiirohii 

„ ,, var, AomV/K«, Kirclm. 

Dimorpkococens lunatuSy A. Br 

JDictyocysfis Mitchvockii y Lagerh 

^lakatothrix gslati nosay W ille 

AnHstrodesmus bijdex (Eeinsoh,), G. 8. ’West 

„ (Corda), Kalis 

,, ,, vnr. avicalarts (A, Br.), CL 0. 

West 

„ „ var. mirabilisy 0. S. West 

„ *„ var. spiralis (Turn.), 0, S. 

West (p) 

„ ,, var. spiriliiformisy 0. S, WW 

„ PfltzeH (Schrijder), 0. S, West (P) 

ClosteriopsU longissimay Lemm. (p) 

„ „ var. tropicumy W. and 0. S. 

West 

Characitm Deharyannm (Rein»tdi),De Toni... 

ISehnastrum graciUy Beinsch 

Kirchneridla lunoHs ( Kirch n.), Mhb 

„ ohssay W. and 0, H. West (p) 

Ooiystis apiculatOt West 

„ crassa ( Witfcr.) 

„ laeustriSy Chodat (P) 

„ Marssoniiy Lemm. (P) 
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W. and G. S, We»t (p) x x 

,, jo/i^an'd, Wittr x 

Nepkrixrytinnh Agardkianum^'^'i,^ x x 

„ Wcflt (p) X 

Tetraedron tninimum^ IlanHg ' x 

„ eruaialum (Wolle), W. and C+. B. We»t ’ x 

„ enorme (Ralfe), Hansg 

,, h'mneiirunt, Borge (B) x 

„ repvfare, Kutz x 

Dwtposphturium pulcht^llttm. Wood (p) x 

Mhrenherpiunum, Nilg x x 

J^olrui/coccHA Iir(junii\ Katz, [intdus. In^giaia %€glet'ld\ x x 

(p) 

„ proiuberansy W. and S. (B) x 

,, mdeticmy Lomin x 

,, „ var. phinctonictuf, Lenmi x 

iScArd7«?W, ChtxUt (P) x x 

Tttranpura lacutstru^ Lenmi. (P) - 

OlmocpHtis gigas x x 

„ „ var. plancfoniciim^ W, and O. S. Wext i — 

(Pv) 1 

„ /rt/V/aioattw (Bohmnk), W^. and G. 8. West ... x 

,, vtisiouhsa, x 

W. and G-. 8. West (P) — .... 

MichUrUUa boiryoideti (Soliniidle), Lemm., forma qvad- ! — 


rata (Lemm.), Chodat (P) 



HBTEEOKOKT,=fC. 

Ophioeytium^cocklffarfi, A, Br 

„ bicu^rpidatHttif Lemin 

,, oapif afumy Wollt* 

2Vibonema affimt (Kiitz^, G. S, Wo.4. 

Aithenanyella conferta^ W, and G. 8. West (P) 

OodetmuB Dasderleinii^ Sohmidle (P) 

Chlorobotry$ regularu (West), Boldin 



lUciLi.AUiK.*:. I 

M$lo»ira crmulnta^ Kiitz | 

„ „ var, (Kiitz.), Gran j 

„ dreadn'd, Moore ! I 

„ granulata (Elironb,), Kalfe (p) j 

„ mrians, Ag.. 

CycloUlla aompta^ Kiitz. (p) 

„ „ var. afflnis^ Gruu 

„ K^tzingiana^ Chauvin 

,, Mzmghiniana^ Kiitz 

„ aperculata^ Kiitz 

„ SchrbUri^ Lemm. (P) 

Co$cimdUtm$ tacuairif^ Grun* (p) 

SUphataodiacua Aalnm (Khrenb.), Gnm. (P) 

Mhizoaolenia arianaia^ H. L. 9m. (P) 

longiaata^ Kaoh. (P) 

„ „ var, aiagnalia^ Zach 

^ „ mwaa^ W. and G. S. We«t (P) 

Tairacyelua latmatrUt Rolfs 
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HpecioH. 


Tahetlai'ia fencstrata (LTnp;b.), Kiilz 

,, ,, vai*. axi i*rioneJloidos^ Grun. (Pvj 

j, ^floccufotta (Koth.), Kiitz. 

()rntlruhz Ktitz 

J^lfridion circnlave^ Ag 

J)iafoma elongafum^ Ag. • • ! 

„ vur. it‘ni(ta (Ag.), V. 11 | 

Fragilaria capnHua^ Deamaz 

,, conslvitens, Grun ' 

,, Vroionenfiis (A. M. Ktlw,), Kiitou (p) . . 

j, ,, Tivi*. W. uml (5. AVfftt ' 

. (Vv) ! 

,, mufahiUa (\V. Hm,), Grun ' 

Aznphi plvura ppllnoida^ Jiiitz ; 

Sg HP fir a Arus (Kufrz.), Grun I 

,, ,, var. angustissima, Grun 

,, „ var. (hMcaliathna (W, Sin.), V. H. (p) 

,, Lpmmermanni^ W. and G. S. \V(‘at (1*) ' 

,, pulehella, KuU 

,, ra//ia>w (Kiitz.), Grim i 

„ Fevalienni^ licmm , 

Vhw (NitzHiili), Eh roll 1 1 

,, ,, var. /ott/ 7 i'.wnu<T (\V. Hin.), Grun ! 

,, ,, Tur. splendens (Kidz.), Grun | 

Afthrionella formom, Hawfi. (p) ! 

„ graoillim(tt Ileib. (p") 

Ctrafomift (Eliroiib.), Iviil;/.., viir. AmpkioTg.^ , 

(Ihdwnli.), Do Toni 

EtinoHa hive pa ^ (W. Siu.), G. S. Wo«t j 

,, JHademn, Khronb i 

(Khrenh,), llahenh i 

, , In nariH ( Khrenb. ) , Grun | 

,, major (W, Sm.), Kabouh ! 

„ (JK-iitz.), Rnbonh. . i 

„ ,, var, hidens^ Grun 

,, „ var. undtdafo, RulG : 

„ fetraodon, Ehronb \ 

Achiianthea voarctaia^ Wr(?b ; 

„ es^ilia, Kutz i 

„ (Kiitz.), J{r<5b | 

Sfauroneia avveps, Elirenb ; 

„ Fhopniventvroni Ehronb "..t 

<7omphoneina acuminatum, Ehronb 

„ condrivtnm, Elmuib | 

„ geminatum, Ag * 

„ intricainin, Kiitz 1 

„ var, Tihrio (Elmmb.), V* II. 

„ oUvaceum (Lyngb.), KUU | 

Cocoomis Pediculuat Ehrenb^ ; 

„ IHacenUda, Ehronb i 

Oprodgma atteiMiaium (Kutz.), Kabonb | 

„ ' ^pencmrii (Quofe,), O, K i 

SaDicula alpina (W. Sm.), Kalfft I 

„ BrSbisttoniiiliiitt, ! 

„ divergena^^\U ! 

,, eilipHva, KUtz j 

„ „ var, pnnima, V. H I 
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Species. 


Navinda Kutz . 

,, IridUy Khninb., var. nffinU (Ehrenb.), V. li. 

,, major ^ Kiitz 

,, nohdis (Khrenb.), ICiiiz 

,, var. Dat'tylus (Ebrenb.), V. 11 

„ W. Sm 

,, radiosa, Kiitz 

,, viridiiiy Klitz .... 

Vanhenrvkia rhomhoidefty Ur6b 

yy ,, var. Snxofticay W. and (.1. S. 

West 

Cocfonnna arspUostum (Kiitz.), (I. S. West 

,, vvtpidatum (Kiitz.), (>. S. Wt'»l 

,, Ciatnia, Ehrenb., var. macidatay Kiitz 

,, ej/wA(/‘orwe, Ehrenb 

,, Ehrfnhfirqii (Kiitz,), Or. S. West 

,, tfmiroidfs (Kiitz.), nob. 

„ ffraciU (Babeu.), nob 

,, lanoeolaiumy .Ehrenb 

,, re«/riVvmtw (A.f^.), tndi 

Amphvi'a orrz/Lv, KiiU. 

Mpitkemia turpidn (Ehrenb.), Kiitz 

Hhopalodi^t pihha ( ICiitz . ), ( ). M »i 1 1 . 

^ iUsMa acU'itla^itiy W. Sin 

„ diftaipata (Kiitz.), (Irun., var. rte«^a V. H 

,, (hiearu (Ajj;.), W. Sju 

„ Pa i'et? (Kiitz.), W. Sin. ... 

,, Sigma (Kiitz.), W. Sin 

„ Higmoiden (h'dminh,), W. Hm 

Cgmatophura elU(dicii (Urob,), W. Hm 

,, „ var. Hihernica (W, Hra.) V. H. .. 

„ „ var. rhomhoidejiy Orun 

SoUtiy W. Sm 

Surirella hUeriaUiy Briib. (p) 

„ tineaH^y W. Sm 

„ ovaliity IJreb 

,, „ var. yitaaa/a (\V, Sm.) V. 11 

„ „ var, augutfia (KUtz.) V. 11 

„ „ var. oxmta (Kiitz.) V, H 

, , r&busiay K hreiib. ( p) 

„ „ var. 9plef^Ula (Ehrenb.) V. II, (p) — 

„ Kiitz .■ 

„ iitrgiday W. Hm . • 

CampglodUcus Hibernicusy Ehrenb 


Myxophyce^. I 

MapaloMiphon liih»rmrv9y W. and Q-. H. West 

SHgonema wmw/iiw, Hass 

Noittoo tnicrmcopicumy Carm ' 

Anahwna (Kiitz.), Hansg. (p) 

, , Ma 9 $aUii (Kiitz .) , Wittr | 

„ „ var. tenm9 (W. and (>, H. West), i 

Lemm. I 


„ P/of-ag«e« (liynfib.), Br6b. ^) 

„ Ltnmermanniy P, Riohtor (P) 

Lgnghga hipunctttiuy Iiemm, (P) 
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Spooies. 


t 


8 

ZfJ 


contorta^ Lomni. (P) 

„ KiitzinffH, Schmiille, vftT. dUtiHHa (Noird«t.) 

Leram. 

limnetim, Tjomni. (P) 

,, .Vrt W.<t Monegh - 

,, versicolor, Gomont 

Oscillatoria tenui», Ag 

„ llmosa, Ag 

„ Agunihii, Gomont (p)- 

f, imjfva, Kiitz 

,, rnhesrsns, B, C. (P) 

Vhormidiuw tenue (Menegh.), Gomont 

Olosotrichia eohirndata (Kng. Pot.), P. Richter (p) 

GhjKOfhsce linsarisy KUg 

iSynechococcus major^ Schroet 

Merismopedia glauca (Khronh.), Niig 

„ teruginea, Breb, (p) 

„ elegmsy A. I^r 

,j punciaiay Moyen 

Alerisinopediii tenuisaimay Xtcmm. (P) 

CctlosphH'riMm Kutzingianumy Nag. (p) 

„ fmmUiasimumy Lenim. (P) 

j, jy«^c/ia««w, linger.* (P) 

„ natanSy Lomrn. (P.) 

Q vmphoaphitm aponina, Kiitz 

„ lacustriSy Chodat (P) 

Aphamcapaa pulchra (Kiitz.), Rabenh 

Aphanotheca aoxicolay Nag 

„ elaihraiSy W. and G. S. Wc«t (P) 

Daviglococcopaia rhaphidioideSy Hansg. (P) 

Miorocyaiia laruginosa, Kiitz. (p) 

„ slahena (Br^b.), Kiitz 

„ tcthgohMcy Kiitz 

„ inceriny liomm, (p) 

„ ffiargiiiatay Menegh 

„ Ftoa^aqum (Wit.tr.), Kirclin 

,y pmaim, (Wittr.), Lemni. (p) 

yy * (Wood), Migula 

„ roaao-persicinay Kiitz, 

„ Lemiu. (p) 

Chroococcua eohmranSy Nag 

„ helveiicn^y Nag 

„ limnHicuSy Lcrnm. (P) 

„ „ var. suhaalsusy Lemm. (P) 

„ minimua (t, Kei«sler), Leimn 

„ Nag 

„ turgidaa (Kiitz,), Nag 


PnaiopuTCii*. 


Siichogtosa olivacaay Chodat (P) 

JPhmococcua plamtonicnsy W, and G. S. West (P) 



* It Meme probable tl»at thie epeeies ” is merely a form of C. KUUingiammy Kag 
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FIiAOELLATA. 

Dinohrtjon hmmrirum^ Imhof. ('p) 

>, Imliof. (p.) 

, j „ var . ped if ormt^ Lennu 

,* „ yhv. jutluairH^Xjexwm 

,, tt Tar, anffulatum, Lemin. (p) 

„ „ var, (Imhof.), Ijeinm.(p) 

„ „ Tar. iychauinsiandiii^ Lomui. (p) . 

,, elongatuiiiy Imhof. (p) 

,, ,, var. Leniin. (p) 

,, proiuherang., Lomni. (p) 

„ iiertularia^ Klironb i 

,, ,, Tar. ihyrsoUUum (Cliodat), lionmi. 

(!') ' 

,, go<*iale^ Khrtmb 

,, uirirvius (Klurenh,), Klebn 

ffalohryon Lauterbornii^ Lomin. (p) 

8yHura uvglla, Kltrenh 

Mallomonas acaroides, Forty (p) i 

„ 1 wttnoff 

„ produvtay Twanoff ' 

,, hingigHay Louim. (1*) i 

DiploHgopitiH ftequeniingimay Lemm, (p) 

Biemcti larugtrigy J. Cl., var. I on gi petty Zacli. (p) 

CryptmnoThan erosa, Khronb | 

ttgpocincUs omm (Klinmb.), Lemm., var. punvtafo- | 
giriatumy Lomm. 

Ef^glem viridisy KlrrtMib j 

FltBIDIME.fC, I 

Q-ymti^dimttmy ep ! 

„ paradoxuniy Soliilling (p) 

„ „ var. major y Lomm. (Fv) 

GUnodinium pulviaeulug (Fhrcnb.), St-ein (p) 

Ceratium t'ornutum (Ehreub.), Clap, and Laclim. (j>) 

„ Huitf.-Koaa. (P) 

„ hirundinellay O. F. Muller (P) 

Peridinium hipesy Stein 

„ Ehreub. (p) 

„ intiompicurnty licmm 

yy limbatum (Stokes), Lemm. (p) 

,» jwgxllumy Schilling (p) 

„ tahulatuM (Khrenb.), Clap, and Lochin. 

yy umhonatumy Stxnn 

yy Westiiy Lemm. (P) 

„ Willeiy Huitf.-Kaa». (P) 
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The above list includes the species of the lake-plankton only, and the 
Magellata are very incompletely recorded. 

‘Were the species of the helioplankton of large ponds, pools, and ditches 
also included, many of the Protocoocacese (or Autosporaceec) would have te 
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be added, such as sundry species of Chodaidla, Lagerheimia, Goknkinia, aad 
other genera. 

The following suininary is irustructive : — 


! (except 

! itiidincea') 

i DesTuitlim’cLV 

■ Hctcrokoiittc 

; niuuliario«> 

! Myxophycew 

! nhioopltycesp 

I Klajjellnfca (cxct‘])t. Pcridi- 
! iiicrt?) 

tVridinicii' 


TctaU ot' speciort for encli 
ai'tv), aju3 gmnfl totjil of 
botli spocicH and vnriolicM 
for entire Britiwh pliyto- 
plunkton 


Species only. 
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of each group. 


tsi 



5 ^ 

,3 ' species. ' Varieties. 
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22 

220 
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0 

41 

91 1 

22 
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52 

2 
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2 

i 0 

2 1 
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1 ^ 

5 ’ 

15 

‘ 1 


128 I 600 118 I 

V — I 

I Grand total. i 


The grand total of 500 species and 118 vaiioties is sufficient evidence in 
itself that the British phyto]>lauktoii is exceedingly rich, and of this total 
40 per cent, are species of the Desinidiacoic, 

Many of these constituents are, of course, adventitious or casual, consisting 
of littoral or bog species which are carri(M;l into the plankton by tlie rains 
and exist there only a short time before perishing. There are, however, 
many constituents which are exclusively limnetic in habit, and also others 
which are much more abundant in the plankton than in other situations. 
These have been discriminated in the foregoing list. 

XL Grnkual Summauy and Discussion on the Dominance oe Desmids. 

Tlie tabulated list gives a very adequate idea of the Algal constituents of 
the British freshwater plankton, and also shows that many of these oou- 
stituonts are common to the four British lake-areas. 

Tlie British lakes combine to some extent the characteristic features of the 
Central European and Northern European lakes, but are on the whole more 
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nearly akin to the latter. lu addition they have peculiarities which tend to 
mark them off from either of those groups ; for instance, the relatively high 
winter temperatures. Very many of these lakes never freeze, and most of 
the others only rarely become covered with ice, and then for comparatively 
brief periods. The summer temperatures are also coinparativcly low. The 
highest temperatui'e we have recorded in Windermere; in the course of 
twelve months’ observations (including one of our warmest summers) was 
14'^*4 C. (58° F.), in Waatwater 17°*2 C. (63° F.), and in Ennerdale Water 
15°'5 C. (60° F), The highest tem])cratureH we liave obtained in tlio Welsh 
lakes were 17°*5 C. (63°‘5 F.) in Llyn Ogvven and 18^ C. ((>4°*5 ]\) in Llyn 
Llydaw. The small sheet of water known as Llyn Elsie atUuned a summer 
(August) temperature of 19°*7 C. (67°’5 F,). The summer temperature of 
the Irisli lakes rarely exceeds 18"*3 C. (65° R). Tlu‘ average range of 
temperature in the Scottish lochs is from about 5° C. to and tbe 

highest we have ourselves measured was U>°‘6 (1 (62° F.) in I^och I'larn. 

In all the four Ilritish lake-areas the water is soft, with only small 
quantities of dissolved lime, a peculiarity which accounts for tlie rarity of 
snails at tlic lake margins. 

The phytoplankton is never of very great bulk, and it is tpiite excei>tioual 
for it to colour the water to any aj)})reciahle extent. 

The periodicity of the jdiytoplankton is very varial>le in the different 
lakes. In some it is eons])icaoU8, but in others it is not very well marked, 
Inv'estigations at present in progress indicah* that it is most (^(utspicuous in 
the shallower lakes, and particuilarly in thos(^ at considerable altitudes, hut at- 
present our data are nut nearly sufficient for generalisations to be made. 

The Myxoimivckj: play quite a. secondary part in the jdankton of the 
British lakes as eompanal with the Central European lakes. Tltoy are more 
abundant in sonie of the Irish lakes than in any of the others, and some- 
times the phenomenon of water-bloom ” makes its appearance. This 
plienomenon, which is due to sudden and simultaneous maxima of a few of 
tlie limnetic spetucs of Blue-green Algic, is of very irregular occurrence in 
the British lakes, and is practically confined to sporadic appearances in some 
of the shallower-lakes.* 

OsciUatoria temm is general but never abundant, and Auaha'm Lcmmcr^ 
iiianni should be specially mentioned, as its spores form deep blue-green 
floating clusters, which sometimes give a decided colour to the surface water. 

* The phenomenon of ** water-bloom *' is Imtter seen in some of the large pools and 

meres of the lowland parts of Britain than In any of the lake-areas, A good description 
of the breaking of the meres ” has been given by Phillips in ‘ Trans. Shropshire Archojol. 
and Nat. Hist. Soc.,* 1888, and earlier records were by Greville, Dickie, and Dnimmond. 
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Of the colonial unicells. Goelosph^Hnm Kiltzingianum (and the form of it 
known as C. Ndgdimhum)^ Gomphosplvceria lacAistriSt and Ckroococcus 
limndicns are the most important. Microcystis {Clathrocystis) mntgmma 
occurs more particularly in pools and small, shallow lakes, where the 
temj:)erature of tlio surface water becomes relatively lugh in the summer. 

Ill the Scottish and the Welsh lakes the Blue-green Algie are decidedly 
scarce. This scarcity is to be attributed to the Alpine character of so many 
of these lakes, in which the maximum temperature of the surface water is 
relatively low. 

The FnAOKLLATA are well repi'eseuted by various Peridiniea^, by Malhmonas^ 
and by several species of Dinohryotu In many of the larger British lakes 
iJiitobryon completely dominates the spring plankton, and a few colonies 
generally persist througli the summer and the early part of the autumn. 
The most abundant siieeies is D, cylindricum, and its var. divergens is equally 
common. In the smaller lakes Dimlmjoii is fairly general, but does not 
attain such great maxima as in the larger lakes. MaUomonm a car aides 
sometimes occurs in prodigious abundance, but lasts only a few weeks. 

Of the Peridiniea}, (Jeratium hirundindla is general, but it only occurs in 
large maxima in the smaller lakes. The variations in this organism have 
been well described and figured,* but there is one form in the lakes of the 
Outer Hebrides and the west of Ireland t which is apparently unknown in 
the plankton of the rest of Europe. In this curious form the first antapical 
horn is very much deflected to one side {mle fig. 3). Species of Peridinktm 
often occur in very large quantity in the smaller lakes, and in tlie shallower 
of the large lakes. P, tahulatum is fretpient, but P. Willei is general 
throughout the Scottish, Irish, and English lakes.t It occurs most 
abundantly in the small upland lakes (up to 1800 feet) with an Alpine 
character. P. Westii is exclusively confined to the Scottish lakes, where it 
appears to be frequent. 

The Baoillarieai are abundant in the British phytoplankton, but they 
rarely occur in such great quantities as in the Central European lakes, and 
scarcely ever form the vast maxima which periodically appear in so many of 
those lakes. Diatoms are fewest in the plankton of the Welsh lakes, 

^ Lemmeriuann, in ‘ Archiv for Bot. utgifv. af K. Sv. Vet.-Akad.,' Bd. % 1904, No. 2, 
t. 2, f. 1—49 ; W. and G. S. West, in * Boy. Soc. Edin. Trans.,* vol. 41, 1906, p. 494(<r. fig.) ; 
‘ lUjy. Irish Acad. Trans.,* vol. 33, sect. B, part 2, 1906, pp. 93, 94 (c. figs. 1—9) ; 
Bachmann in *Archiv fUr Hydrobiologie und Flauktonkunde,’ Bd. 3, 1907, pp, 65—68, 
figs. I, la, 11. 

t W. and G. S. West, in ‘Hoy. Irish Acad. Trans.,* loc. cU., 1906, p 94, f. 9. 

X The distribution of Peridininm Willei, Huitf.-Kaas, extends from N. Italy, Ireland, 
England, and Scotland to Norway, Finland, the Faeroes, and Iceland. 
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forming only an average of 11 per cent, of the entire phytoplankton. This 
low percentage is probably due to the small numbers of adventitious species 
washed into the lakes from the mountain sides, and is possibly accentuated 
by the stony character of the lake margins and lake bottoms. They occur in 
tlie greatest variety in the Scottish and Irish lakes, probably owing to the 
large number of adventitious species washed into the lakes by the rains. 
The Pennate Diatoms are much tlie most numerous atid conspicuous. 

Among the coiumonest forms are Asterionrlla (with n range of form and 
size which embraces both A. furmom and A, <] me If lima) and the two species 



Ffo. 3. — Fec^^liar Form of Ceratiam hin/ndhidlay O. F, M., in winch the first antapical 
horn (ati) is greatly deflected to one side, x 200. 

of Tahellfiria, T, fencMnita is much more abundant than T, Jlocnilosa, except 
in the English lakes, where the reverse obtains. The chaindbrms of 
T, femsirata are the most frequently observed, but the star-dispositions (var. 
mteriomlloides) are common except in the Welsh lakes. T. fnifMrata, var. 
(utermuUoides^ is one of the dominating features of the late spring, the 
summer, and the early autumn plankton of many British lakes, and it 
exhibits great variability in the relative strength and of the girdle 

view of the cella,^ That these difierencoB are of no varietal iinjKirtance is 
proved by the ocourrenct? of all intermediate stages. 

We have nob observed any Rtar-dispositions of 1\ fioiTidom in any of the 
British lakes, although siich have been observed by Hohnboe in Norway and 
by Weseiiberg-Lund in Denmark {T. Jioemlom, vur. pdwjicay ITolmboe). 

The numerous plankton-forms of Adtidonelia almost convince one that 
A^formom and A, gradllima are merely states of the same sj^ecies. No 
chains of AHtermiella were observed in any of the lakes. 

The genus Fi*agilarm is somewhat rare, and of the species which occur 
i\ capmina is the commonest. F. cratoarndfi is very general in Scotland 

* Pf, W. and G. S. West, in *Eoy. Soc. Edin. Trans./ vol. 41, 1905, Plate 2, figs. 1—3. 
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and Ireland, but is always scarce. We have not observed it in the English* 
or Welsh lakes. A variety of it — var. contin^ta — occurs in Loch Kuar, 
Sutherland, which is unique in the curious twisting of its exceedingly short 
filaments. This variety is not known from elsewhere. 

Throughout all tlxe British lake-areas, but more especially in the west of 
Scotland and the west of Ireland, species of the genus Surirella form a con- 
siderable and eoJispicuous part of the phytoplankton. The most frequent is 
SuTireUa rolmda, var. sj>len(lida, which sometimes occurs in great abundance, f 
but S, hiscriaia and S. limaris are both general. In this respect the British 
lakes compare with the lakes of Central Africa, in which several plankton- 
species of t^itrirella are abundant.^: In the Yan Yean Keservoir, Victoria, 
X rolniHta^ var. sple'iid/lday is also a constituent of the pIankton.§ Wesenberg- 
Tamdll states that various species of the genera Siirirella and CynuitoplcKra 
occur iii the plankton of principally alpine or shallow lakes in level country, 
and that tliey have l^een carried out by rivers and waves into the ^xslagic 
region, where they vegetate but for a short )icrio<l and then perish. We find 
tliat in the British lakes, and also in tlioae of Central Africa, the genus 
Surirdlu is frequently a true plankton -genus, and the various species which 
have been recorded both vegetate and multiply in the plankton to an extent 
we have rarely noticed in other situations. 

Several of the Naviculaccfc occur with considerable regularity. 

Centric Diatoms are relatively few and insignificant in the British lakes, 
is represented chiefly by M.yrannlafa and M, mrifnis. The latter 
is perennial in the plankton of British rivers. Species of Cyrlotella are not 
abundant, and only in Lough Corrib, Galway, have we observed the curious 
gelatinous colonies which o(‘.cur so frequently in some of the Central European 
lakes. 

The genus Ilkiz<mlenia is represen t< 3 d by two (and if the record of 
a. erir.nsiH be correct, by three) «pc(ue8. IL lomjimta is very rare, but 
R, morm occurs in some of the lakes of all the British lake-areas. We have 
observed the restiug-spores of this species in the June plankton of Thirlmere 
in the English Lake District. 

No species of Aitheya has yet been observed in any of the British lakes. 

The CimoROPHYCE/i': arc well represented in the British lakes, more 

* This species occurs both in the plankton (Uelioplankton) and the benthos of the large 
pools in the Midlands of England. 

+ Consult W. and G. S, West, loc, ciL, Plate 1, figs. and Plate S, fig. 6 (photos), 

X a. S. West, in ‘ Linn, Soc. Bot. Journ.,’ voL 38, 1907, p. 85. 

§ G. S. West, in *Linn. Soc. Bot, Joum,,' vol. 39, 1909, p. 17. 

II Wesenberg-Lund, ‘Plankton Investigations of the Kanish Lakes,’ Copenhagen, 1908, 
p, 42. 
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especially by the Desmicl^acem. Apart from the latter, Boti'yaeocms Brannii 
and Sphccrovydh Schroctcri are the most general and abundant. Species of 
Oocystu are frequent, but never occur in quantity. Dictyosfphmruun 
pxdckellmn often occurs abundantly, but it also at times occurs in equal 
abundance in bogs. 

J<hul()rina degavs is fairly general, even in large lakes such as Lough Corrib, 
although it reaches its maximum abundance in small lakes. 

Pedimiruin Boryanvm and P, dwplcx are frequent in the plankton of the 
shallower lakes, but P. mnplcx is very rare. Several species of Cwlastrum, 
ScenccUsrnus, and Crin'iycnia occur in many of the lakes, but never in 
quantity. 

Species of Zyynema, Spirogyra, and Mvugeotia occur in the ]jlankton of 
most of the lakes, principally in the late spring and summer. They are 
usually the 8lend(3r si'^ecies of these genera, and are almost invariably sterile. 
In the smaller alpine lakes Movgeotia is often almndant, and forms no small 
])arl of the phytoplankton,* The curious coiled 3/(o^r/co/oj!~filaments of some 
of the Scottisli lochs have already been referred to. It would appear that 
the coiling is a limnetic character, f developed to augment the doating- 
capacity of the filament, and the fact of its presence is direct ('-vidence that 
some of tliose solitary filaments of Mongcotia are ada])ting themselves to a 
life in the plankton. 

TuK must INTKUKKTING FRATatlK OF THK llumSH FUESUWrVTEU PUYTO- 
PLANKTON ]S THK HOMINANCK OK I )KSMii)S. In 1903, and again in 1905, we 
showed that in contrast to any previously known ]>]aiikton that of the 
Scottish lakes was unique in the abundance of its l)esmi(ls. Since then we 
liave found that thia dominance of Desmids is not confined to the lochs of tlie 
Scottish Highlands, but is a feature of the plankton of the four hike-areas of 
the British Islands, and that (.he jddnkion of the western Brlikh lakc-^arcas 
differs mariccdly from all other European pdanhion in the (dm nd a nee of its 

l)cHmids,X 

* In the alpine lakes of the Pike’s Peak Kegion, (.'olorado, Shantz states that spe(!ieB of 
Spirogyra and CEdogminTii form a large part of the summer plankton {vide *Amcr. 
Microscop. Soc. Trans.,’ Maivh, 1907). Fragmentary filaments of various species of 
(Edogonium are also very frequent in the summer plankton of the British lakes. 

f Consult C. S. West in * Linn. Boe. Bot. Journ.,’ vol. 38, 1907, pp. 85 and 86. 

X Among European lakes, only those of Norway and certain parts of Sweden approach 
the British lakes in the posseewion of a conspicuous Desmid* flora in the plankton (consult 
Huitfeldt-Kaas, loc. city 1906 ; and Lemmermanu, in ‘Archiv fUr Bot. utgiv. af K. Sv. 
Vet*Akad.,’ Bd, 2, 1904), and it should be mentioned that many of these plankton 
Desmids are identical with the British ones. Tanner-Fullemann has recorded the 
oocurrence of a number of Desmids in the plankton of the SchoenenlxHlensee {vide * Bull, 
de l^Herb. Boissier, 2me s6r., t 7, 1907), hut the species which he records, when it is 
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In discussing this phenomenon of the rich Desmid-ftora of the British 
freshwater plankton, it is necessary, in the first place, to briefly outline 
the general distribution of the Jlesmidiaceoe iu the British Islands, quiU 
irrm'pe.ciive of the freshvmt&T plmiJdon, We have studied the distribution of 
British JDeamids in detail during the pUvSt 16 years, and the obvious fact, 
patent to anyone who chooses to collect those plants over extensive areas, 
is^the mtich greater richncjis of the Desm id -flora in the 'western areas of the 
country. The eastern districts of England arc exceedingly poor, but on 
passing from the newer Tertiary formations to the Older Palieozoic and 
Precam brian formations the Desm id -flora gradually increases in richness, 
attaining its maximum diversity in certain of the Precambrian areas. 

The richest areas of all are tlie little boggy i>oo1b and smaller lakes of 
the Lewisian Gneiss of North-west Scotland and the Outer Hebrides, and 
similar areas on the Precambrian formations of Donegal, Mayo, and Galway. 
Tliere are also several very rich localities in the English Lake District and 
North Wales, all on the Silurian and Ordovician with sundry Igneous 
intrusions. There are, in addition, two rich localities in the south of 
England, one on the Lower Greensand of Surrey (Thursley Common), ami 
the other on the Middle Eocene of Hampshire (the New Forest). In both 
these localities there ai^ deep, spongy bogs, with a fairly rich Desmid-flora, 
but at the same time it is a flora which falls far short of the much richer 
Desmid-floras of the Precambrian areas. We may add that these are not 
statements based upon a few casual observations, but upon a detailed 
examination of many thousands of collections made in all parts of the 
country, from the Shetland to the Scilly Islands, and from the east of 
England to the west of Ireland. It is also necessary to give some 
explanation of what is meant by a “ rich area. We do not apply the term 
“rich*' to a mere ahundanco of Desmids, or even to the occurrence of a 
great quantity of 30 or 40 species, but only to those areas in which 150 
to 200 (or even 300) species can he found in more or less abundance, 
including many of the rare species with a restricted distribution. 

We have, therefore, as a foundation on which to base this discussion of 

possible to be certain of his identifications, are those of shallo w alpino and subalpine lakes, 
and not in any way comparable to the characteristic plankton sfiecies of the western 
British areas. Neither do we regard hie records as constituting a rich ” Desmid-flora. 

Among extia-European lakes, Victoria Nyanza has a conspicuous Desmid-flora in 
the plankton, and the Van Yean Keservoir, Victoria, possesses a very rich Desmid- 
planktoi), quite equal to the best of the British lakes, although with an entirely different 
association of species. In the latter case the drainage water* is mostly from Silurian and 
Granitic outcrops, but it is not yet possible to make a definite statement couoeming the 
drainage into Victoria Nyauisa. 
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the dominance of DcHtnids in the plankton of the British lakes, a fairly 
complete and necessary knowledge of the general distribution of Desmids 
in the bogs, pools, etc., throughout the whole of the British Islands. The 
first point of importance is that the great majority of the British lakes 
(those constituting the western and north-western lake-areas) are all 
situated in the richest Desmid-areas in these Islands, or for that matter 
in Euroi)e. It is, therefore, not in the least surprising that the plankton 
of these lakes should on the whole contain an abundance of Desmids. 
That the Desmids of the plankton should differ considerably from those 
of the bogs of the drainage areas — a matter discussed in a later part of 
this pai>er — does not affect the main question, viz., that the phytoplankton of 
these lakes possesses in many instances such an abandanm of Desmids tivat it can 
he correctly described as a Desmid-plankton, 

Thos(^ facts which explain the abundance of Desmids in the bogs and 
bog-pools, among the mosses of the dripping rocks, and among the leaves of 
the submei'ged plants of the lake-margins, will likewise furnish the 
explanation of the abundance of Desmids in the plankton, as tlie plankton- 
Desmids have certainly originated from bog and swamp species, and others 
are btnng constantly recruited from the same sources. In endeavouring to 
discxjver the relationshij) between the conditions of environment and the 
richness of the Desmid-fioi'a, two facts stand out very clearly : — 

1. The rich Desmid-areas correspond very accurately with the areas of the 
old geological formations. They are mostly mountainous districts, with 
considerable outcrops of Igneous rocks. 

iJ. These areas also correspond, but with less accuracy, to tlie areas of 
greatest rainfall.* 

It is now necessary to enquire more closely into the relationships Ix^tween 
the geological nature of the drainage-area, the rainfall, and the richness of 
the Desmid-flora. 

yjfe will first consider the rainfall of the areas in question. This is 
relatively heavy, varying from about 46 to upwards of 100 inches, and is 
due to two causes ; first, to the fact that these areas are almost all near the 
west coast, being districts in which large mountains are situated in close 
proximity to the sea ; and secondly, to the prevailing westerly and south- 
westerly winds. Such conditions naturally result in wet, mossy hill-sides, 
with numerous bogs. There is consequently much peaty water, rich in 
humic and other organic acids, in which submerged plants, such as 
Utricularia wtTior, Sphagnum cui^pidaiiim, S. mhsecundmx, and other 

* Mr. Jamas Hurray (in ‘Boy. Fhya. Soc. Edin. Proc./ vol 16, ie06, p. 58) also points 
out that Sir John Hurray had iudioated this fact to him, 

rou ucxn.~B, 


P 



198 


Mr. W. West and Dr. G. S. Wast. 


[Oat. Bty, 



Fig. 6. Fio, 6. • 


Mapi of Britwh Islands, to show (fig. 4) areas with Eainfall over 40 inches ; fig. 6, distri- 
bution of rich and very rich Deamid-areas, characterised by the western types 
mentioned (pp. 201 and 202) ; fig. 6, distribution of Older Pslieozoic' and Archaean 
rocks, 

^ote . — The Desmid-flora of the central and south-eastern counties of Ireland is very 
imperfectly known. Notice the falling off in the Desmid-fiora of Skye in fig, 6, com- 
spending with the absence of Archaean rocks indicated in fig. 6. 
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aquatics thrive, and furnish all the requirenients for the prolific j^rowth of 
Desmids. 

Tliis seems a natural explanation of the occurrence of a rich Desmid- 
fiora, and one which is accepted by Weseuberg-Lund* as the main cause of 
the plicnomenon. 

A detailed study of the distribution of Desmuls Juis shown us, however, 
that the mere presence of suittible habitats is insufficient to account for the 
great richness of the Desmidiaceic in certain areas of these Islands. Among 
the mountains of the Pennine Chain are some of the finest p( 3 at*bog 8 in 
the British Islands — in all outwanl appearances ideal spots for the 
occurrence of a rich Desmid-ilora. Such are Cocket Moss, Austwick Moss, 
and others less well known. Again, on Tlmrsley (jomiuon in Surrey, and 
in the New Forest, are ]>og8 which are unfiur})a8se(l in l»ritain as habitats for 
the Desmidiacea\ In all these localities the bogs are dee}) and dangerous, 
fed mostly by bottom springs, and furnish an ideal homo for quantities of 
submerged Sphagmutt and Utricidaria Diinor. Desniids 0 (!cur in countless 
millions among the larger aquatics ; in fact, collections made in these 
localities would be regarded as rich ” or “ very rich by those who ha<l no 
experience of the western areas. Vtrimlariii mifwr, wliich harbours some 
of the best of British Desmids among its leaves, flowiirs {)rofii8ely in the 
localities mentioned, and no finer specimens can be obtained even in Mayo 
and Galway. Yet the llesmid-Hora wliich occurs among the Utriadaria in , 
the above-mentioned localities is not to be compared witli that which 
occurs in precisely the same enviruruneat in the western Britisli areas, and, 
moreover, it contains none of the real British rarities. 

How is it that an ideal locality such as Cocket Moss, wliich would lie 
described as “ rich in Desmids,'* contains practically none of those species 
which are both dominant and characteristic of the western areas ? The 
conditions are almost identical with those obtaining in the western bogs, and 
the rainfall is from 50 to 60 inches. 

From a consideration of the above remarks it is obvious that some factor, 
other than mere abundance of rainfall and presence of ideal habitats, has a 
profound influence on the distribution of Desmids. This at once causes us 
to enquire into the stakment that we have previously mHde,t viz., that the 
rieh l)mnid~ar€m correspond geographically with the rrecamhrum arid Older 
Palamoic outcrops {together with the intrusive Igneous material). (Consult 
figs. 5 and 6.) 

^ Wesenburg^Lund, * Plankton Investigations of the Danish Lakes,’ Copenhagen, 1908 
p. SSL 

t Vide p. 197 of the present paper. 
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In the first place, it has been recently pointed out* iltat tlie asaociation of 
the rich Desmid-areas with the older strata is (in the British Islands) most 
probably due in part to the antiquity and consequent hardness of the rooks. 
The mountainous re^i^ions which have resulted from those changes in the 
earth surface wliich luivi^ 23roduced folding and contortion, and from the 
resistance of these old, compressed rocks to subaerial denudation, are not 
only dia'otly responsible for Uto rainfall owing to their geogiuphical ptwsition, 
but are theinsolves most suitable for the formation of }>eat-bog6. In these 
areas Desmids llourish, and therefore, so far as the British Islands are 
concerned, the richncBB of the Desmid-flora bears a distinct relationship 
to the antiquity of the geological formations of any area under consideration. 
It seems probable that the determining factor is a clieinical one. It is 
certainly something more than more suitability of habitat, otherwise how is 
the relative poorness of tlu* extensive bogs of the more rt^cent formations to 
be explained 

It is very probable tluit the oheinical composition of the waUn* plays an 
important part in deUnuuuiug this distribution. That tlie chemical factors 
are quite apart from the occurrence of brown, i)eaty water, is evident from 
the pooruess of the Desmid-flora of bo many ])eat-bogs, nnd also from the 
fact that the best and ricliest 1 )esniid*floras only occur in clear water with 
no obvious peaty charactiers. WesenIjergJiUJul is iucon’ect when he states 
tliat Desmids chiefit/ tljiive in “ bit)wn water rich in humic aoids.''J Some of 
them certainly do, and often juofusely, but these are generally the connium, 
ubiquitous species which have almost a world-wide distribution. The givot 
majority, including most of the western British types, prefer deal* water 
with little |)ent. An excesB of the brown peaty material is distinctly 
unfavourable. The plaiikton-Desmids also occur much moi'e abundantly in 
the clear lakes thou in the brown })eaty ones. 

Although it appears ho probable that chemical factors determine the 
distribution of many Desinids, no definite information on this ])oint haa yet 
been obtained. The drainage water which has percolated through the old 
formations (rocks and soil)' may possibly contain minute quantities of 
something in solution which greatly favours the development^ of certain types 
of Deemids, and may be directly responsible for their restricted distribution.} 

♦ G. S, We«t, in *Lirm. Soc, Bot. Journ.,’ 1909, vol. 89, p. 10. 

+ How in it, also, that the peaty bogs and ditebea of the fen» of the east of England, such 
aa are left of them, ai'e poorer in the Desmidiace® tlian any other pait of the Brifciali Wands ? 

J WeBenl^erg-Lund, loc. off., 1 908, pp. 280 and 281 . 

8 There would be nothing remarkable in thU, os diatoms thrive and build up their 
Biliceoue cell-walls in water containing silica in such minute quantities that ordinary 
chemical analysis reveals no trace of it. 
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In reference to the above remarks, Janies Murray* has stated tliat 
anotiier theory is that tfie lochs which are richest in Desmids are only 
found in the older geological fonnations, but this does not accord with facts, 
OB I find that such lochs occur in all the formations from the Lewisian to the 
Tertiary, at least; and it will, I think, be found that some of these lochs lie 
entirely in glacial ileposits/' It should be pointed out that if glacial drift is 
excluded none of the lake-areas are even near the British Tertiary formations. 
Many of the lakes have doubtless been formed in Tertiary times, and if they 
are spoken of as Tertiary lakes ” it must, be distinctly understood that thej/ 
are aitmital in drairngeAHtaim on the old forumiionH, Those lakes which 
Murray has termed ‘^Tertiary lakes’' are certain of the Scottish lochs which 
are surrounded by and rest upon more or less extensive slice ts of glacual 
drift. It must be distinctly borne in mind that most of this glacial drift 
has l>een derived from the old rooks, and wliat is very much more important, 
that the drainage into sucli lakes consists mostly of water which has partly 
traversed the exposed outcrojis of the old rocks of the surrounding hills and 
mountains, and partly percolated through them. Therefore, any j^eculiarities 
which may he characteristic of the drainage water from the obi formations, 
aie also equally characiteristic of the water of such lakes. 

Tlio point of primary inqiortance is that the greater ])art of the drainage 
water of such a lake has traversed the older rocks, and possesses those 
peculiarities which fso far as we can see account for tlie Desm id-flora not 
only of its plankton, but of its littoral region and also of the surrounding 
hogs. It is immaterial lohen the lake was formed, or whetlnu* its ted be one 
of glacial drift or of old rocks. 

In thk Bumsn Islands thk hkally men DKSMin-KT/)iiAs, containino 

MANY OF TUK W^ESTEUN BltlTfSH TYPKB, ABE ONLY FOUND JN THOSE AREAS 
WHICH COMBINE 1’MK MOST SUri'ABI.E HABITATS (mck (tre fomtd 071 hi^ggy 
hill*ddeH 7inth an abumhmt rainfall) WITH A DRAINAGE- WATKit DERIVED Fiio>T 
OBOLOOTCAL FORMATIONS OLDER THAN THE CARBONIFEROUS. 

We would suggest a very exact chemical investigation of the water of bogs 
and lakes in different areas as a possible means of throwing further light 
upon this question. It has been suggested that the absetico of lime is the 
determining factor in the abundance of Desmids, and it may possibly have 
much to do with the restricted distribution of the western British tyi^es. 

There are a large number of western types of British Desmids, of which 
the most important are included in the following list : — 

Qomto^gon amleainni^ Hastings ; Spirotmnia t^^ahemdata, A. Br. ; Penimh 


♦ James Murray, loc, city 1905, p. 58. 
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adehychondnm , Elfv. ; P, Clevei, Lund.; TdmevmrvH Brdnssonii (Menegb.)* 
Ealfs, var. rninor De Bary. 

Mi^'rasteHas radinfa^ Hass. ; M. nutforta, Lund. ; M, inmiaH/ida (Klitz.), 
llalfs ; M. apimlata (Ehrenb.), Menegh., and var. hruchyptorn (Lund.), 
W. and 0. S. West. 

Eiuuirnm pictvWy Burges, forma ; E. Tvrneri, West ; E. ahoense, Elfv. ; 
E, intervmlnm, Clove; E, plngm, Elfv.; E. valuUfm, W. and (>. S. West. 

Bomlinm und.alainm, Bail, ; Plmwtmiium eu^enevvi (Turn.), W. and 
O. S. West. 

Comarinm hipitndaiuin, Borges. ; (I capitnium, Koy and Biss., var. 
grmnlatidicwiiv , Borges. ; C. Corribensf\ W. and (.1. S. West ; (J. rornitnHSurale, 
Br(Sb., var. Nordst., didicittmy Nordst. ; C, didi/viaprotnpsum, 

W. and G. S. West; 6\ aUochmdrnm, W. ami G. S. West ; C. vioiiowazum, 
L\ind., var. polymazum, Nordst.; C, oh^iohhtvi (Hantzsch), lieinsch; C. per- 
'^oratitin^ Lund. ; C, psmde.viqnam, Kacib. ; C. pseiuhpyrwmidaihtm^ Lund., var. 

Nordst. ; C. piodA'ideMatum , W. and G. S. West ; 0, <^warfr^anu?n, 
Lund. ; (7. rehmiiin (Perty), Kabcnh. ; C, ndvsiforme (Wille), Gutw. ; 

C. Srnolandiewnj Lund., var. nnguHtatum^ West; 0, He^rnotaimn, Gutw., var. 
trutriaium (Lutkem.), Schmidle ; (.1 mbqnadrans^ W. and G, S. West; 
C, mibref/udforvie, W. and (J. S. West ; C. mfnt]ilibime%%m. West ; G. lari'- 
choiulriforme.^ PAchl. and Gutw. ; G. tmue. Arch. ; Umidmi^ Lund. ; 
C, vemidnm^ Br<ib., var. hyp(dmmfjon\m.^ West ; G. viride (Corda). Josh. ; 
€, zonalnnif I^utid. 

Sianrastrvini Arvturm (Elirenb.), Lund. ; #SV. uwiiw?/?, Lund. ; Si.hacillare, 
Breb. ; St. BrSimonii^ Arch. ; St, HraHilievsc^ Nordst., var. Lxmddlii^ W. and 
G. S. West ; St. Grraste^, Lund, ; St. Glex'^fi (Wittr.), Koy and Biss.; St. W7\- 
spicunm, W. and (L S. West ; St. Lund. ; St. cvrvatv'm,^^ni\ 

St. doTHidimtifcrmn, W. and G. S. West ; St. elmigahm. Barker ; St. eraswrt 
Br(5b. ; St. forficuhUum, Lund. ; St. grazuie, Biilnb, ; St. locvispimwt, Biss. ; 
St. loyujispinmn (Bail.), Arch. ; St, maumeufie, Arch. ; St. viega(onotiiw>^ Nordst, ; 
St natatar, West ; St Ojykivra, Lund.: St Picvyn, W. and G. B. West; 
St. qitadrwngnlarr ^ Brtib, ; St. %eiig€rvm^ Cleve; Si. eexirngulare (Bulnh.), 
Rabeah, ; St spiniferwm, West; St. ^vhgradUmvm^ W. and G. S, West; 
St cmmo^inomim (l^orges,), W. and G. S. West ; St Duacemc, W. and 
6. S. West; St. HiheTnianri, West; St. ja(nd{fernm. West; St. comxium,Axc\\. 

In addition to the above, there are a number species which are 
extremely rare in a few of the richest localities outside the western areas, 
whereas in the latter they are generally distributed and many of them 
prodigiously abundant. Such are : — 

Spirotmnia acuta, Hilse ; Netrnm. oblougim (I)e Bary), Llitkem., var. 



1908.] The British Freshwater Phytoplankton. 203 

cylindrunim^ W. and G. S. West ; Peninw exigu'mn^ West ; Olosterium Vim, 
I'ocke ; Tetviemoi^m minutm, J)e Bary ; Miirraderids Sol^ Ehrenb. 

JB'icastritm crass'ttm (Br(5b,), Kiitz., var. scrohicidatum, Lund. ; E. 

(Nordst.), W. and G, S. West; E. imrme, Lund. ; E, pinnatvm, Ralfs ; 
E, pMtellnm, Breb. ; E, siihlohaiumt Bri^b. ; E, irndncomm, Lund. 

V(mmaHum eonnafAon, Br4b. ; (7. Debaryi, Arch.; (X decedens, Eeinsch ; 
C. dcganiimvmm, Lund. ; (X annidatnm (Niig.), Arcli., var. elegans, Nordst. ; 
C. Hivmnieri^ lleiiisch ; (X inthminw^ West; C. Nyrfi'annianum, Grun. ; G. ovale , 
Ealfs ; (\ parvoluniXhx&iry C, Wille ; (J. pseadopyramidatum, 

Lund, ; iX pseiuloconnataif} ^ Nordst. ; (X sphcrnrideumy West; 0. mlmiultdatumy 
Wille ; (J. variolatmay Lund. 

HtanraMrum^ aculmtumy Ehrenb.; St, anntinum>y Cooke and Wills; 
St, Anidliiy Boldt; St, farcatmtiy Ehrenb.; St, imompicnuiny Nordst.; 
SL aradiiie, Haifa ; St, lanceolalimy ArrL. ; St, oxyacanthnmy Arch. ; 
St, Br(5b. ; St, scabraniy Brdb. ; St, aridiferumy Haifa ; SL pileolatuviy 

Breb. ; St, pteronporumy Lund. ; SL stihscaltrumy Nordst. 

Having discussed the most important facts concerning tht^ general distri- 
bution of Desmids in tlie British Islands, we can now return to the abundance 
of the Desmids in tho British freshwater phytoplankton. 

We Ijave shown which areas of these Islands {X^ssoss the rich Desniid- 
floras, and when one considers that the British lakes are almost all situated 
in those western areas, it is not very surprising that they possess a plankton 
containing numerous Desmids. Neither is it surprising that many of these 
should be the western typos, i)rovided that these western types are capable 
of withstanding the conditions of a limnetic life. 

ThKKKFOKE WK CONSIDKit a'HAT THE DksMIPS OK THE BRITISH FUKSHWATBH 
PHYTOTLANKTON ARE DUE LARUELY, AND THE WESTERN TVPES ENTIRELY, TO 
THE BITUATIOK OF THE I.AKES IN THE HIGH DESMID-AUKAS OF THE OLD 
FORMATIONS. 

The antiquity of the geological formations is not a spiicial factor in the 
occurrence of the numerous plankton DemnidUy but in the occurrence of 
Umaids as a wMc, The presence of numerous Desmids in the plankton of 
the lakes follows as a matter of course. 

One does not expect an abundance of Desmids iu tbe plankton of tbo large 
Swiss lakes. They are situated in poor Desmid-areos, and iu North 
Switzerland the geological formations are for the most part too recent. 

Most of the Central European lakes are situated in areas relatively poor 
iu Deemidiacete. In Denmark the formations are Cretaceous and 
Jurassic, l«^rgely overlain by drift, and similarly tho lakes of Northern 
Germany are situated on immense areas of drift, overlying comparatively 
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recent formations. Hence the dearth of Dosmids in the lakes. On the other 
liand, the Scandinavian lakes are situated on the old formations, and contain 
an abundance of Desmids, many of which are identical with those of tho 
British lake-areas. 

The DesmidH of the 'plankton ham withoui doM oriffiyinted from the Brnnid- 
eommuniUj of the surrounding arcdf although in most cases there is little 
resemblance between the plankton-community and that which can be observed 
in the surrounding drainage-basin. There is an almost complete absence from 
the sunounding peat-bogs and dripping rocks of those species which are most 
eonsj)icuous and abundant in tho plankton. The oonnnon Hesmids of the 
bogs are only found in the limnetic region of the lakes as casual or adven- 
titious constituents, and therefore the great majority of the Desniids brought 
by tho rains into this limnetic region, with its new conditions of life, find it 
impossible to maintain their furtfier existence, and rapidly perish. The 
plankton-community as a whole, as shown by Wesenberg-Limd, is a very 
ancient one, and this is further confirmed in the case of the British lakes by 
the existence of this distinct community of plankton-Desmids. We have 
jilready stated* that many of the plankton-Desmids “ have existed under 
these pelagic conditions for a long time, as tliere is every indication of this 
in the modifications some of them have undergone, and in the species and 
varieties which are at present only known to occur in the plankton.'' 

During tho vast period in which Desmids have been washed by the rains 
from their bog habitats into the lakes, a specific selection has taken place, 
certain species liaving adapte<l themselves, with or without slight morpho- 
logical changes, to a limnetic existence. Only those have survived which 
were able to withstand tho new conditiona 

One of tho principal conditions necessarj’^ for existence in the new life 
would be the ability to float in the surface waters. In some species, more 
especially in tho discoid species of MicnisleriaSy this necessity has brought 
about no morphological alteration ; and in others, amongst which are certain 
species of Cos'^narium and ^tauTmtmm, there is again no change of external 
form, but a copious development of surrounding mucilage. In many others 
morphological changes have occurred, mostly in the further, development of 
.those charactei^ which have proved of most avail in the struggle against 
sinking. It is thus that spines and processes have been greatly increased in 
length, BO that many of the plankton -forms are the longest-spined forms 
known.f Certain species of Sianrmtrum and Arthrodemnm best exhibit this 

* W. and G. S. West, in * Boy. Boc. Edin. Trans.,’ voJ. 41, 1905, p. 512. 

f In the ordinary habitats of Desmids, and in the former habitats of plankton-species 
spines are commonly found well developed. This armature has probably two functions, 
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great development of spines. The species of Clost&rinm found in the British 
lake-plankton are mostly adventitious constituents, and are never abundant. 

Nearly all the plankton-Desmids are summer and autumn constituents, 
and the majority of them attain their maximum abundance in September and 
October, during the slight fall after the maximum summer temperature. 

Neilh^T plavkliin-Denmids nor those tohich omir in ottier sitvations unde>*(ifO 
any seasottHl forrn-'mrmtions. This we have conclusively proved by the 
examination of large numbers of periodic collections of these plants. Tliis 
is merely what one would expect, as environmental form-changes in Desmids 
occupy long periods of time. As regards the plankton, the variations in the 
conditions of buoyancy during the year in the surfavio waters of a lake are 
not 80 great as the environmenttxi differences l)etween the hal)itatB in which 
the same species of Dcsmid will thrive. 

Laige numbers of both the plankton and bog species survive the winter 
in the vegetative condition, and the foiunation of zygospores appears to te 
very rare. 

In Diatoms it is known that the seasonal form-variation, when it oc^curs, 
is in the colony and not in the individual, but colonial Dosuiids are much 
fewer and much loss abundant than colonial Diatoms. 

Lastly, we would c.ornment upon the (mmipolitmmm of the frcslmakr 
planhtmi-eom/mtinity, Tliis is generally true except for tho Desmids. 
Wesenberg-Lund^ states that the numerous plankton researches in the 
Central Emopean lakes have been miable to demonstrate any special, 
geographically localised plankton-communities. He remavksf that the 
“ freshwater plankton-communities, in contrast to all other communities on 
land or water, everywhere contain the same types, iiearly ovoiywhere the 
same species.” As regards the Desmid-flora, however, these atatemeuts do 
not hold good. Whermr there are lakes with a rich Demnid -flora- in the 

plankton^ there one aim yets a more m* /m dcfinUelij localised planktoa- 

cemm'imity. It has been statedf that the Desmidiacete show more decided 

geographical peculiarities than any other group of Freshwater Algm, 

notwithstanding the fact that a large number of them are cosmopolitan and 
ubiquitous all tho world over. Tliese geographical ))eculiaritifi8 occur 

one of anchoring the individual to its environment, and the otlier to serve as a prote<ition 
against Demnid-eating animals. Whether the more elongated spine* of the plankton* 
apocie* likewise serve a similar function of protection against the depredations of the 
plankton EotiferB and Kotomoetraca ia a point which requires further investigation. 

♦ Wesenberg-Lund, lok 1908, p. 293. 

+ Zoc, of., p. 313. 

I Q* B. West, in * Linn. Soc. Bot Jourm,’ vol. 3B, 1907, p. 82 ; W. and G. S. West, in 
^ Ann. B<y. Bot Gard., Calcutta/ rol 6, port 2, 1908, p. 176. 
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in the Deamid-coinmunity of the plankton quite as much as iu the general 
Dearnid-commuaity of the surrounding country. In fact, they appear Ui 
be well marked.* , 

Even with the nieagreness of our j)resent knowledge we can recognise 
three distinct plankton-communities of iJeHinids, which can at once be 
distinguished from each other, and which form a most interesting com- 
parison. These arc (1) the Desmids of the British (and to a certain extent 
of the Scandinavian) plankton, (2) tlie Desmids of the plankton of Victoria 
Nyanza, and (8) the Desmids of the Vit^toriaii plankton (as exemplified by 
the Yan Yean Eeservoir). There are doubtless several other distinct 
plankton -communities of Desmids, notably in the South American and the 
Indo-Malayan regions. There are marked geographical peculiarities iu 
the general Desmid-comrnunity of these regions, and should any of the 
lakes be found on investigation to possoes a Desmid-planktou, it is highly 
probable that many of the species will possess their proper geographical 
character. 

♦ In considering this question it should be borne iu mind that Dusmids in the vegetative 
condition cannot be blown about by the wind, as even partial desiccation ie almcMst 
invariably fatal. Also, that iu most species zygospores are very rarely formed, and that 
no zygospore has yet been observeci of any of the typical plankton-species. The only 
Desmids which ai)pear to survive a partial desiccation are certain spi^cies of C^^lindrocy^tis 
and atid possibly of Me^oimnum. 
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On the Presence of Haem-agglutinins, Hmn-opsonins, and Hesmo- 
Igsins in the Blood obtained from Infectious and Non- 
hfeetious Diseases in Man. (Second Report.') 

By Lkonabd S. Dudgeon, F.li.C.r. Lond. 

(Conjmunicated by Dr. F. W. Mott, F.It.S. Reooived Febniary 18, — Read 

March 4, 1909.) 

(From the Pathological Laboratones, St. Thornas’s Honpibih) 

On July 81, 1908, uiy preliminary communication on this subject was 
received by the Eoyal Society and; was read oii November 12, 1908. 

In this report attention was drawn to certain phenomena occurring when 
normal and immune human serum was allowed to act in the presence of 
normal and immune human blood cells. J'he whole of the investigations 
were carried out with human blood obtained from various infective and non- 
infective diseases in mam The technique adopted in all ex}>eriment8 was 
referred to in detail, and will not be described in the present coiumunicatiou. 
The most important results were obtained in the examination of the agglu- 
tinative jiroperties of the blood when an interaction took ])lace between 
serum and red cells. It was shown that auto-agglutination was a rare 
phenomenon, hwi iso-agglutination was common. In some instance's htern- 
aggliitination occurred when the immune scrum and normal red cells were 
mixed together ; in other cases the effect was produc(*d by the interaction of 
normal scrum and immune red cells, fii many examples of this reaction the 
agglutinated red cells were altered in shape and size, especially when the 
clumps were exceptionally large. Attention was drawn to the distinction 
between agglutination of red blood corpuscles and agglutination of rouleaux. 
Saturation expenments were performed, and the sjiecificity of the various 
reactions was demonstrated. Immune soruin from cases of infection with the 
bacillus typhosus was rendered specifically inactive by saturation with suit- 
able rod cells, although the bacterial agglutinins I'emained. 

Attention must be drawn to the fact that it was stated in the preliminary 
report that agglutination was not observed when normal serum was added to 
normal red cells, either of the same individual or from another healthy person, 
with one e>;ception. A considerable amount of further investigation along 
this line has shown that the second part of this statement requires alteration, 
as will he subsequently referred to. 

Experiments on phagocytosis of red blood corpuscles were in the main 
negative, although numerous methods were adopted. It was in only one case 
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out of the entire number investigated that the phagocytosis was well marked. 
In the majority of instances the experiments on hfcmolysis led to negative 
results. In one case of acute poisoning, of unknown nature, physiological 
salt solution (0'85-pcr-cent. pure sodium cldoride) was found to be able to 
hfcmolyse the immune red cells. In two cases of pneumonia evidence of 
Ijfeniolysis was tested for in the blood examined in vitro. In one instance 
well-marked auto-lucmolysis occurred, iu the other isoluemolysis, Some 
degree of iso-hiemolysis was noted occasionally in the experiments with the 
blood obtained from other diseases, and in one further case auto-ha^molysis. 

In the present communication many more interesting results have been 
obtained in various experiments conducted along the same lines and much 
more additional information accpiired. It will be necessary at the c-ommenoe- 
inent to give a list of tiie various diseases tliat have been investigated, and to 
point out tliat exactly the same care has been exercised in proving the 
accuracy of the diagnosis. 

14 cases of typhoid fever ; 9 cases of tuberculosis (mostly acaite pulmonary) ; 
3 cases of acute peritonitis due to appendicitis ; 14 cases of anaemia (7 of 
pernicious anicmia), rnyehemia, congenital chokemia, and examples of aneemia 
secondary to various well recognised conditions ; 7 cases of acute pneumonia ; 
6 cases of acute streptoccKicus infection ; 2 cases of epilepsy ; 4 cases of syphilis 
2 cases of diabetic coma ; 3 cases of malignant disease ; 5 cases of obscure 
toxtemia, including one case of paroxysmal hncmoglobinuriji. 

Hcemolys'vtiH. 

The teclinique adopted was exactly that already referred to in the ])re^ 
liminary report, with the additional observations obtairied by allowing the 
mixture of serum and red cells to be in contact in ice for 1 hour previous to 
incubation at 37® C. for a similar period, followed by exposure to ice for 
several hours. These final results iu all cases were similar, so that thm 
mothoil was abandoned. 

In the previous paper, tlio following conclusion was arrived at : — " In all 
these experiments on heemolysis, it was only occasionally that the hiemolytio 
action was distinctly shown; in the majority of instance^ no hmmolysis 
occurred.” 

Tyfhoid No haemolysis was noted in any of the oases of typlioid 

fever which were examined. The results obtained iu this disease, as in many 
others, were probably due to the fact that^mmaf was only occasionally 
employed in these experiments. Out of the total number of cases investi- 
gated in the present series — 14 — hesmolysiB was demonstrated in nine 
instances — a very high proportion. 
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It has been noted in these experinients that when the immune nernm 
causes hmmolyds of mn'^nal red cells that the cases are of the severe tm^ic type 
and (erminate fatally. It is true that the nuniter of cases investigated is 
too small to lay too much emphasis on this observation, but it is unquestion- 
ably important. 

In the first nme, immune serum caused marked lueiiiolysis in the presence 
of normal red cells. A gradual diminution in the reaction occurred from the 
mixture which contained 75*0 per cent, of serum down to that wliich had a 
serum content of 25-0 per cent., and in one instance 12’r) per cent. In the 
second case, whicli t^erminated fatally, an exactly similar result was noted ; 
in the third case, the blood examined a few days Ixdore death and that 
obtained at the post-mortem examination gave a similar result, with the 
exception that the serum obtained during life had a slightly greater potency. 

In the remaining cases in which haemolysis occurred, it was <lue to the 
action of normal serum on the immune red cells, and the reaction took placse 
with about the same serum content as with the immune serum and normal 
red cells in the fatal cases. In all the exjwriiuents immune serum and 
immune red cells failed to react; in fact, no other tyi>e of hjcmolysis occurred 
beyond that referred (o. 

The blood of a case of paroxysmal hiemoglobinuria lias beeji examined 
during the ‘acute attack and during the interval. The blotnl drawn from the 
finger in the usual way failed to show tinging of tlie seium witlj hiernoglobin 
when the usual precautions were adopted. It can be stated briefiy that 
during the height of an acute attack, which is caused l>y severe cold, that 
the blood undergoes auto-hoemolysis, but when tested as the attacjk subsides, 
although the man is obviously ill, no aiito-haunolysis can be demonstrated. 
Tlie immune serum also fails to haemolyse normal rod cells, although it 
agglutinates them strongly, and the immune urine fails lo hfcmolyse the 
immune red cells. Wlien, however, normal serum is added in definite 
measured volumes to the immune rod cells, Jisemolj^siH occurs, although not 
to any very great extent, and heemolysing agglutinins can l>e similarly 
demonstrated. It would seem that the reti cells themselves are principally 
afifeoted*— a point still further illustrated by the phagocytic experiments to 
be subsequently referred to. The blood of two cases of diabetic coma 
obtained after death failed to haimolyse the immune red cells, bub, as in the 
fatal cases of typhoid fever, luemolysed normal red cells and agglutiimted 
them strongly ; in each instance haemolysis occurred down to a serum content 
in the mixture of 37*5 per cent. 

. JExtraet . — Owing to observations made on the splenic cells in 

certain diseases in which much phagocytosis of red cells occurs, it suggested 
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itself that in the splenic juice might be found a substance or substances 
intimately concerned with phagocytosis, htemolysis, and certain other 
phenomena, although absent or present in an infinitesimal degn^^e in the 
blood serum. The spleen from one of the cnaes of dial>etic coma was 
extracted in a siiitablo machine, the thick Innipy extract filtered at high 
speed, and tlie centrifugalisation repeated with the upjier layer of extract 
which separabul during the first stage. This final sticky, hut tfvhi extract, 
was used for testing its luemolytic value on normal red cells and the auto* 
immune cells as in the case of serum investigation. 

Four series of experiments were made by allowing the splenic extract to 
act on aiito-innnune cells and normal cells, incubating the mixtuies at C. 
for one hour, and then in the ice safe over night. A similar doable series 
of tubes prepared in an identical manner were first placed in ice overnight, 
tlieu at 37° 0. for two hours, and finally in ice for several hours. All 
results were identical. It must he pointe<] out here that the luemolytic 
mixture was proved to be free from bacteria. Now while tlic immune blood 
serum in this case failed to hsemolyse the immune red cells, and only jx3acted 
slightly in the presence of normal cells, the action being limited to a scrum 
content of 37*5 per cent, yet the splenic extract was equally and strongly 
hieniolytic to normal and the auto-irnmune cells. The action was complete 
with a splenic content of 25 per cent., and limited to a mixture containing 
0*26 per cent, of splenic extract In a case of pernicious aiuemia, on the 
other hand, neither the immune serum nor splenic extract hremolysed the 
immune red cells. 1 1 is impossible, on the results of two experiments, to 
refer more fully to these investigations ou the hsemolysing action of the 
splenic extracts on i^ed blood cells, but from the work of H4din and others 
we know that the spleen does contain proteid enzymes of considerable 
potency. 

The blood was investigated very fully in seven cases of pernicious 
anaemia, and of all diseases it might well be imagined that auto-haeiuolysis 
would be demonstrated in this one. In the preliminary communication it 
was pointed out that auto-haemolysis could not be proved. In this paper 
a similar result must be recorded, neither .could haemolysis l>e induced by 
allowing the immune serum to act on normal red cells. It was found, 
however, that the immune serum had the same power to haemolyse guinea- 
pigs' red cells as normal human serum possessed. In three instances 
normal serum was capable of haemolysing the pernicious red cells to a 
marked degree : in each example htcmolysiug agglutinins were present, while 
in two out of the three cases phagocytosis of the immune red cells occurred 
to a striking degree in the presence of normal serum and normal leucocytes. 
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In one instance, although normal serum luemulysed the immiine red cells 
during the patient's life, yet the action failed to take place with the immune 
cells aftf3r death. In every case the serum had the same striking greenish 
yellow coloration previously referred to. 

In a case of acute primary syphilis, normal human serum was found to 
cause a high degree of haunolysis in the presence of immune red cells, and 
the immune serum hod a somewhat similar although less marked action on 
normal red cells. A similar I'esult occur re<l in a case of acuUi pneumonia. 
The immune serum, when acting on normal red cells and the normal serum 
on immune cells, showed a high and equal degree of hannolysia, while the- 
immune serum and immune red cells failed to react. 

These ^are the most important and striking results in tlie lacmolytic 
experiments, but it is necessary to emphasise the fact that many more positive 
results have been obtained llian are quoted in the previous report, and those 
which are of special importance occurred in the blood reactions of the typhoid 
fever patients. 

hi many of these experiments on hiemolysis, and similarly in the 
agglutination and phagocytic investigations, the cliief interest centres around 
the immum red cells. It is especially concerning these bodies that furtlier 
research is being conducted. 

Hmm-agglvtmiiu'i. 

Attention has already been drawn to the fact that the same hichnique haa 
been adopted in all these experiments as previously giveu in detail in the 
preliminary eouimunication. 

I must again emphasise the rarity of auto-agglutination of red blood 
corpuscles. With one striking exception — that of a ijlack man — no true 
example has been met with. This case will he subsequently referred to 
in detail. 

In every instance, without exception, iso-agglutination occurred whenever 
iso-htemolysis was demonstrated. Wliile the agglutination experiments were 
l)eing examined microscopically it was generally possible to detect the 
basmolytic agglutinins from the pure agglutinins. In the former, many red 
cells at the margin of the clumps were smaller than those centrally placed 
and greatly resembled oil droplets. In the most striking instances, free 
btemoglobiu could be seen and numerous ghosts. 

Iso-agglutination was of common occurrence in many diseases, as stated in 
the preliminary communication. This was especially so in typhoid fever and 
tuberculosis. 
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Hmii-agghUinim in Nonmd Blood, 

Attention has already been drawn to a statement made in the preliminary 
^jommunicatiou on tins subject. Since then a wide study of hfiem-agglutinins 
ill normal blood has been made. It has now been proved that although a 
certain sample of normal serum may fail to I’cact with one or two specimens 
of washed normal red cells, yet, if sufticient examples of normal red blood 
cells are presented to that specimen of normal serum, agglutination will be 
found to occur in a certain proportion of insUinees, while some samples of 
normal seriun agglutinate most specimens of normal red cells presented to 
them. Witli our wider knowledge we can state that auto-agglutination does 
not occur, and that tiie luemolytic agglutinins have not met with, that tyi>e 
of agglutination which is of such interest in typhoid and certain other 
infections. These results are important because they compel one to realise 
that the demonstration of hicm-agglutinatioii is not necessarily a reaction 
of pathological significance. 


A'lito-aggluHnaiion, 

A negro from the West Indies, wJio had not been out of England for over 
ten years, showed a blood possessing remarkable projierties. He was 
considered to be a case of tertiary hepatic syphilis. When blood escaped 
from his tissues from a single puncture, the red cells could be seen to be 
clumped in the plasma, and when the bleeding was continued into citrated 
saline the red cells fell to the bottom of the tube in enormous clumps. This 
is the only instance met witli of a blood showing »porUam<nis agglutinaiion, 
and auto-agglutination of such a high degree. In the pi’eliminary com- 
munication, attention was called to the condition of the blood in a cose of 
long standing epilepsy : here well-marked auto-agglutination was present, but 
not spontaneous agglutination, and the degree of agglutination was nothing 
like to the same extent as was obtained with the blood of the negro. On 
tlie addition of the immune serum to normal red cells a high degree of 
agglutination occurred, and it was the true haemolytic type. 

It liad previously been shown that if an immune serum is diluted with 
normal saline, it rapidly loses its power of agglutinating cells, quite out 
of proportion to what is observed iq the case of the bacterial agglutinins. 
This sample of immune serum, however, clumped nomal red cells when 
diluted to the extent of 1 in 10 almost os well as the undiluted serum, and 
some clumping occurred in a dilution of 1 in 500. This is the only instance 
out of the whole series of sera which have been examined in whiofa such 
.a phenomenon was noted. When the negro's blood was examined about 
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a month later, neither spontaneous nor auto-agglutination was present, and 
normal serum failed to react with these cells, while when the immune serum 
and normal red cells were mixed hjcmolytic agglutination occurred as 
before. 

Tyj^hoid Fever. — Atito-agglutinatiou was never fotmd to occur. The 
iso-agglutinins are of great interest. Tn every instance marked agglutination 
of red cells occurred when either tlie immune cells were added to normal 
serum or normal cells to immune serurn. In a certain number of experi- 
ments both phenomena occurred. The fact that there was absence of 
agglutination when immune serum was added to normal red cells, although 
the serum clumped typlioid bacilli, can readily be explained by tlie absence 
of any relationship between bacterial and ha3m-agglutininH. It was 
especially in these experiments that the heotnolytic agglutinins were noted 
after serum and red cells had been in contact for one hour at 37° 0. 

Attempts were made to extract hypothetical agglutinins ” from the red 
blood corpuscles in those diseases in which a marked reaction took place 
between the immune red cells and normal serum, but without success. The 
rod cells were powdered in a mortar with finely broken glass, and the 
mixture centrifuged at high speed. The fluid resulting from this procedure 
was added to suitable red cells, but in no instance did agglutination occur. 
Other methods with a similar object in view were found to be equally futile. 


Specific Agcfhitin im, 

A considerable amount of further work has been completed to emphasise 
the specificity of the htem-agglutinina. The same technique has been 
adopted, except that it has been shown tliat it is unnecessary to incubate the 
active mixtures of red cells and serum for several hours as on previous 
occasions. Two or three hours has since proved to be suflicicnt, while it has 
been shown that a considerable degree of this special reaction can te 
removed when the active red cells and serum are mixed well together for tivo 
or three mimtes, not incubated, but immediately centiifuged, and the 
resiilting fluid tested in the usual manner. It was found that although 
slight agglutination with the clear fluid and suitable red cells could be 
demonstrated, yet the gieater proportion of it had been removed. 

This experiment will serve to show the effect of a temperature of 37° C. 
for one and a quarter hours on the specific agglutinins. 

Immune Serum (Typhoid) + Normal red cells. 

Extreme degree of agglutination piesent. 
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Same senna saturated with same undiluted normal red cells for one and 
a quarter hours at 37® C. ; mixture centrifuged. 

Clear fluid + Normal red cells. 

No agglutination. 

When the immune typhoid serum was saturated with the typhoid red cells 
in a similar manner to the above, the clear fluid agglutinated nonnal red 
-cells as before. It must be pointed out here that although saturation of 
a serum witli suitable rod cells will render the serum specifically inactive, 
^nd that saturation with inactive red cells will have no effml, } ot, if the 
scrum is capable of agglutinating the active red cells from two different 
diseases, saturation with one class of red cell inay fail to rendf^r the serum 
inactive for the otlier red cells. Further work is Ixdng done on this 
important point at the present tiiue. 

The Effect of Satwratmy an Imwunc Sermn with Melanin, 

It has been shown conclusively in this papfu* that if you saturate typhoid 
serum with suitable red cells you remove the lunm-agglutinins, but leave the 
bacterial, and rice versd. 

Other experiments were undertaken for the purpose of ascertaining whether 
it would he possible to remove or greatly diminish the hae>m- dr bacterial- 
agglutinative action of the serum by means of melaniii as Mr. Shattock and 
I have found to occur in experiments on phagocytosis.^ Immune serum 
(typhoid) was saturated with sterile melanin for 12 fiours at 37® C. The 
resulting fluid obtained after centrifugahsation was still capable of agglutinating 
typhoid bacilli and suitable rod cells as the unsaturated senna, and also to 
the same degree. 

The Effect of SatunUin^ a Serum ioitk Heated Med Veils. 

In the experiments about to be referred to, it has been shown that it is 
possible to remove the agglutinative properties of a serum by saturating it 
with heated red cells. The red cells for this purpose are thoroughly washed 
in the usual manner, and definite proportions from the deposit of red cells 
obtained at the end of the final process of oentrifugalisation are put in suitable 
tubes with a small quantity of physiological salt solution ; the tubes are sealed, 
placed in a tube of water at a definite temperature, and then put into a water 
bath at the same tempemture as the tube of water. By this means, and this 

* S, G. Slmttock and h. S. Dudgeon, * Boy. Soc. Proc./ B, voL 80 , 1908 , « Ol>«ervutipn» 
on Phagocytosis by means of Melanin and the Comparison of the Opsonic Index with the 
llaemo-phagocytic Index.” 



Table to illustrate certain Specific Agglutinative Properties of Immune Serum from a Case of Typhoid Fever. 
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only, is it possible for the cells to reach the Umiperature indicated by the 
thermometer. We know that it is stated that if a Herum is heated to 65^^ C., 
it loses certain properties which the unheated serum possesses ; as a matter of 
fact, if human serum is ke}>t at the temperature of 05^ C. for 15 minutes in 
the manner indicated, it is rendered useless for serum investigation owing to 
the fact that it is coagulated. 

In tlio ext>eriment about to be referred to, <ajrtain immune red cells were 
lieated at 00^ (J, in the manner indicated for 50 minutes, and at the end of 
that time formed a thick dark mass. Pneumonic serum and these red (joUs 
gave a high degree of agglutination before saturation, but after the serum 
had been saturated with the lieatcd red cells for one and a Cjuarter hours at 
r., it was rendered inactive. This shows that, although the red cells 
wore y>hysically bo altered, yet they still posst^ssed a 8i>ecific function. Similar 
results were obtained in another series of experiments in which the red cells 
were heated to 60*^ C. for one hour. 

The Relation of the Bada'ial a)id Hmm-aggiutininH. 

Several series of experiments have been completed, and the results clearly 
demonstrate that the bacterial and Im^m-agglutinins are tlistinct. Typhoid 
scrum, especially a serum possessing high agglutinative properties, is 
especially suitable for the purpose. 

As will be seen from the accompanying table, the highest degree of 
specificity exists, and every ex|)eriment gave similar i-esults. The saturation 
experiments were carried out in every dettiil in tin i<ientical manner. 

PhagoaftosiH. 

In Huinmarising the technique and the results of the experiments on 
pliagocytosis in my ijreliminary paper, it wixs stated that ‘‘ It is unnecessary 
to refer at great length to the very large number of experiments made, os it 
was only in a few instances that phagocytosis was pronounced. In quite 
a number of instances, whether the serum was unheated, or diluted, or heated, 
or whether normal or immune leucocytes were employed, the degree of phago- 
cytosis was infinitesimal/' Theixj was only one instance out of the total 
number investigated in which the phagocytosis of red blood corpuscles was 
a conspicuous feature. In the present communication striking instances of 
red cell phagocytosis have been recorded on several occasions, these different 
results mainly depending upon the nature of the diseases which are now 
being investigated. It is especially marked in such acute diseases as typhoid 
fever, while in pernicious anaemia, where it might be expected to occur, it is 
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usually absent. Care must always be exercised in arriving at conclusions ou 
this subject, because, unless the film preparations aie made with special 
precautions, red cells which are apparently engulfed are really extra-cellular, 
and also, if the ha^molysins are active in the suiiiples of serum employed, the 
I'ed cells which are engulfed may be either pale or difficult to recognise, and, 
theiefore, phagocytosis may be unknown. In a case of typhoid fever with 
typhoid pyuria a high degree of phagocytosis was noted. Normal leucocytes 
-f immune red cells -f normal serum showed no less than 37 red cells engulfed 
by 50 leucocytes, while when the normal serum was diluted with immune 
serum the phagocytosis was correspondingly reduced. In this instance 
normal serum caused marked agglutination of immune red cells and also 
htemolysfMi them ; in another case typhoid the phagocytic test carried out 
in an identical manner showed 20 red cells engulfed by 60 leucocytes, the 
normal serum in tliis Ciise also heemolysed and agglutinated the imuuuie red 
cells, while in a still further example the immune serum + normal red cells 
and innuune leucocyttm gave an active result — 50 leucocytes contained 39 red 
cells ; when normal serum was added to the iuiinune red cells tlie phagocytosis 
was well marked, but very much less so ; here also the immune serum 
strongly agglutinated normal red cells, but did not Inemolyse them. lu 
certain other instances of typhoid infection some degree of phagocytosis was 
noted, but ’only of an indifferent type. In the case of paroxysmal hwemo- 
globinuria the immune red cells in the presence of normal serum and normal 
leucocytes showed a high degree of phagocytosis, 50 leucocytes contained 
39 red cells. Experiments conducted with other variations in the cells and 
serum gave negative results. 

The normal serum iu these experiments, luemolysed, agglutinated and 
incited phagocytosis of the immune red cells, but/ in different degrees, the 
most marked results occurring in tlie agglutination experiments, the least 
striking were in the hjcmolyt ic. In a case of untreated secondary syjthilis, 
experimental results showed absence of hannolysis and agglutination, but 
complemented immune serum incited a high degree of phagocytosis of the 
immune red cells. Perhaps the most striking exainjjJe of phagocytosis of tlie 
red blood corpuscles occurred when tlie serum from a case of epilepsy was 
added to normal red cells iu the presence of normal leucocytes, 50 white cells 
contained 46 red blood corpuscles. .The immune serum also strongly 
agglutinated these cells. Many more examples of this variety of phagocytosis 
have occurred in the numerous experiments which have been made, but the 
most interesting and striking results are those which I have recorded. 

All instances in which hajmolysis occurs when the red cells and serum 
interact must tend to limit the accuracy of the phagocytic exjieriments, 
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because so matiy rod cells which have been engulfed by the leucocytes are 
ghosts and, no doul)t, have been too severely hiemolysed to be recogmsable. 

In the concluding remarks in the pi*eliniinary paper on hiUin-opsonins, it 
was stated that “ The experiments referred to in this communication entirely 
agree with the observations of Barratt and Keith, conducted with the blood 
sera and cells from the lower animals. There was nothing to show that the 
agglutination, opsonic, or haunolysing properties of normal or immune sera on 
red blood corpuscles have any direct relation to one another/’ 

From the investigations which have been made for this report, some of 
which have l>een referred to, it has been noted that a serum may lueinolyse, 
agglutinate, and incite phagocytosis of certain rad cells, but although it 
may be capable of agglutinating and luemolysiiig certain red cells, yet the 
degree of phagocytosis which is present may be negligible, or phagocytosis may 
be present without the other phenomena; on the other hand, a serum which 
has a high agglutinative value is more likely to give a somewhat similar 
incitor reaction than otherwise, although not necessarily. 

T have again to thank Mr. H. A. F. Wilson for his invaluable assistance, 
and also Dr. Athole Boss and Mr, Irvine, all co-workers in my laboratories. 
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Under the above title a paj^r has recently appeared by Mr. A. D. 
JDarbishire in the 'Roy. Soc. Tree./ vol. 81, B, P- 61 et giving further 
exi>criraental evidence with regard to the inheritance of certain characters 
in peas. The paper is an interesting one, but the method adopted is not, 
1 venture to think, capable of answering the problem which the author set 
himself. It has been supposed by some Mendelians that the theory 6f 
inheritance summed up in the “ law of ancestral heredity was in some way 
invalidated by investigations such as Mr. l)ar bishire’s, and that opinion 
consciously or unconsciously seems to be expressed in the paper just 
referred to. The law of ancestral Ijeredity is embraced in the following 
statements : — 

(i) In a population breeding without assortative mating the regression line 
for oflspring on any ancestor is linear* 

(ii) The correlations between offspring and tlie successive grades of 
ancestry form a progression diminishing geometrically as we ascejid to distant 
grades ; and 

(iii) Tlie general relation of an individual to his ancestry can be closely 
expressed by the multiple correlation formula. 

In a memoir published in the * Phil. Trans.,’ vol. 203, pp. 53 -8(>, I showed 
that these principles held for material obeying Mendel’s laws — in partitmlar 
(i) and (ii) hold for the simple case of alternative characters such as are 
sfaid to occur in the case of peas. 

The only instance that I am aware of in which ancestry does not matter 
is that in which the geometrical progression is of the form : 

p, p*. p\ ••• • 

1 treated this case at length in the ‘ Phil. Trans.,’ vol. 187, A, pp. 804-6 
(1896), remarking that the grandparents were quite indifferent, when the 
parents had been selected. Unfortunately, this is not true when the 
correlation coefficients are 

i 1x1 Lxl 1x1 etc 
3’ 2^3’ 2* 3’ 2» 3’ ’ 

as is the case with the somatic correlations on the Mendeliau theory. In other 
words, anoestry does matter in the latter theory. What is the explanation, 
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therefore, of tlio apparent contradiction between such experiments as those 
of Mr. Darbishire and the theoretical development of the Mendelisrn which 
they profess to establish ? 

It does not seem hard to account for the divergence. Experiments sucl» 
as thovse of Mr. Darbishire do not deal with a population as a whole, ami 
consider the contributions to the next generatimi of all its components 
supposed to he mated at random, I feel quite certain that if Mr, Darbishire 
makes the retpusite crosses in due proportions, and does not weight with 
differential fertility, he will find that ancestry does matter. That it does 
matter is just as good a proof of Mendelism as Mr. Darbishiro^s proof in the 
simpler case that it has not any effect. If he fails to find its influence, then 
he will have refuted Mendelian theory. 

To illustrate my point, take a population distribution which would follow 
from crossing two pure races with respectively dominant and recessive 
characters represented by the letters D and R. Suppose the hybrids to 
cross at random, then the population will remain absolutely stable with tlve 
peraianent formula 

(DD)-f2(DIt)+(RR). 

Now suppose this to cross with itself or with 

(DD)4-2(DB)4-(RR). 

Table 1 gives the scheme of offspring with their parents. This population 
of 16 individuals of 6 different types of parentage now crosses with itself. 
The result is a population of 256 individuals showing 16 types of grand- 
parentage. This is exhibited in Table II. If Mr. Darbishire's principle 
that ancestry is of no importance were correct, then the differences in type 
of these grandparents would not be of any significance. 


Table I. 


I Offupmg. 

Parent*? . I — — 

I)D. i DK. RR. 


I)D, DO 1 

DI>, DR 2 2 

OD, RR -- i! 

DR, DR 1 2 

DR, RE — 2 

ER, BE — — 


1 

2 
1 
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Table IL 



< 

3-randpart^nt 

s. 


Offspring. 

I)D. 

1)K. 

KK. 

+ 


PD. 

DR. 

HR. 

4 

__ 


4 


1 



8 

i 


4 


C 

2 


8 

— 

1 

8 

1 

2 

2 

— 

2 

2 


4 


la 

10 

1 j 

2 

I 

1 

a 

a 

s 

U 

2 1 

2 

— 

! 2 1 

2 ! 

1 2 

1 

4 

1 

1 

8 

i 

4 

! — 

12 

1(1 

4 i 

1 

2 

' 1 

8 

1 

10 

28 

10 

1 ! 

\ 

2 i 

2 ! 

1 2 

2 

14 

8 ; 

1 

1 ! 

3 ' 

1 1 

1 a 

^ 1 

2 

2 i 


^ 1 

: — j 

4 i 

1 

4 ' 

8 

4 1 

— 

3 ; 

1 

a i 

i J 

4 1 

10 

12 

1 — 

2 1 

2 

2 

2 

1 1 

10 

38 


1 1 

8 

1 

3 

1 

2 

0 

i 1 

1 




4 


, i 

t 

1 i 

1 

1 


Now Table II may be examined from several standpoints. We tnay 
first consider the gametic constitutions of the grandparents and of the 
offspring. Thus we have : — 


No. of DP's in grand* 

Percentage of PITs in 

parentage. 

offspring. 

4 

100 

j a 

67 

2 

41 

! 1 

22 

1 0 ; 

11 


In other words, the constitution of the grandparentage substantially 
modifies the offspring ; there exists in this sense an “ ancestral contribution '' 
to the heritage. 

Of course the gametic constitution BK follows precisely tlie same system 
of percentages, and is again influenced by ancestry. 

If, however, we take the gametic constitution DE in such a population 
we find — 


No. of PR’s iu grand- 

Percentage of PR’s iu 

parentage. 

offspring. 

4 

60 

8 

50 

2 

! 60 

1 i 

, 80 

0 1 

1 60 
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At first sight this seems to imiioate that for this case there is no ancestral 
influence, where we should expect hy increasing the number of DR’s in the 
grandparentage to increase tlie number iu the offspring. But this criticism 
is not valid, ibr, in the population we are dealing with, it is clear that DR is 
the modal or mean group, and that, accordingly, it is perfectly neutral in 
<letermining the regression or correlation of the (ftnnetic character. In 
other words, the deviations of the DR ancestry from the mean population 
gametic chaT*acter are all zero and accordingly they have no weight in 
(pausing the ofl'spring to deviate from the population norm. They have, 
in fact, no more effect on the offspring than, in tlie case of stature, u number 
of mediocre ancestors have in raising or lowering the average deviation of 
th(i offspring from the general population mean. 

Justly, turning from the gametic constittition to the somatic character, 
I liave represented in the fourth and fifth columns of Table 11 the extent 
to which the doininanl- character is present in the ancestry, ami in the 
accompanying table one sees the effect on the offspring : — 


No. of gitiiidpareute with 
dominant oharaotur. 

' Percentage of offspring with 
j dominant chamoter. 

i 

4 

89 

3 

78 

2 

50 

J 

HH 

0 

0 



... _ , 


It will thus l>e obvious that, judging solely by the patent, that is the 
somatic character of the grandparentage, there is a very marked influence 
of the ancestry on the heritage ; that, if we select ancestry by somatic 
character only, we shall oxjH)Ct an influence on the offspring varying from 
0 to 90 per cent, in intensity, according to the nature of the selection. 

1 tliink, therefore, that to deny the influence of ancestry— at any rate 
that influence in the sense in which the biometrician uses the term — is to 
deny the application of Mendelism to populations mating at random. 

If we start with a population in which the proportions of D D's, DR*8, and 
RR's are not those of a simple hybridisation, but given by 

^(DD) + 25(DR)-h,<s(RR), 

then after the first generation of random mating the population will be 
(;? -f 2^ + (j» + qf (DD) ^2(p+q){s-^q)(p^2q^ af (DR) 
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or its constituents will be proportional to 

(p^qf (DD) + 2 (;>+ ry) (.5+ y) ( DK) {n^qf (KK), 

and this ratio is maintained ever afterwards.* 

A little consideration will show that our Table II is obtained by a 
symbolic process which will not be affected if we replace ll by (j»4-^)I> 
and E by (s 4* q) R, so that to exhibit the results for a Mendel ian population 
of any constituent proportions we have only to multiply all the numbers 
in any row of offspring of Table II by(juH-^)^ for a J)D grandparent, by 
{p-\-q) + for a DR grandpanmt, and by (s-k-q^ for an HR grandparent, 

starting with the stable population which arises after tlie first random 
mating* We then reach the following table for the case of classification 
by somatic characters, whort^ for brevity I write : = tt, s + 7 = /c, and 

= n = ratio of pure dominants to reoessives in the stable population* 
It will be seen that whatever be the proportions of the IVIendelian com- 
ponents in the original population, then u selection of grandparents influences 
widely the somatic characters of the offspring. 

Whether, therefore, Mendelism be or be not the final word as to inheritance 
(and I personally, especially in the case of human characters, must continue 
to suspend my judgment), it is clear that ancestral influetKte cannot be 
denied in tlie case of any fKjpiilation mating at random and inheriting on 
Mendelian lines. 

Table III. 


No, of grandparents with 

Percentage of offspring 

dorairijiiat ohanwter. 

with dominant c)iaracfcer. 


inn (« + i)(» + 3) 

■ 

a 

IQO (» + 1) (2» + 6) 

^2(n + 2y~ 1 

2 I 

0(» + 2)* 1 

i 1 

100 i 

2(w + 2) j 

0 

0 1 


* The stability after the firet generation is very obvious, but, a« far aa 1 know, waa 
tot atated in print by G, H, Hardy, * Science,^ vol. 28, p. 49. 
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We have the following table for various values of ii : — 




No. of gmndparents 
with dominant 
chamoter. 

Percentagefl of offspring with dominant oharacter. 

» - 10, 

- 4. 

2. 

- 1. 

- i. 

1 

-*■ 1 


4 

09*3 

97 

94 

89 

84 

80 ; 

77 

3 

96 

90 

84 

78 

72 

68 

65 

2 

78 

72 

66 

69 

54 

60 1 

48 

1 

46 

42 

37 *5 

1 83 

30 

! 28 1 

26 

0 

0 

0 

0 

1 ” 

0 

i 0 i 

0 


When experimental work is adduced to demonstrate that ancestry has no 
influence, it will on investigation be found that the writer is : 

(i) Confining his attention, as Mr. Darbishiro, to isolated lines of inheritance, 
witli restricted matings ; 

(h) Asserting that a gametic knowledge of parents is equivalent to a 
gametic knowledge of ancestry. 

In neither case does the argument touch the ancestral position, which is 
summed up in the assertions that if we measure inheritance by the resem- 
blance of somatic characters between offspring and ancestry, then, in a 
population mating at random : 

The more ancestors of any grade with a given somatic character the more 
offspring with that characU^r, 

For ancestry of different grades the influence is dimiuiRhed in geometrical 
progression at each stage. 

These principles were first deduced empirically from observations and 
records without any theory os to the mechanism of heredity. If Mendelism 
be true for any characters in cross-fertilised plants, then these principles 
bold also for heredity in that plant-population, for they are essential featui^es 
of the Mendelian theory (and, as a matter of fact, of a good many other 
determinantal theories). No proof or disproof of them can be directly 
deduced from Mi*. Darbishire's memoir, but since that memoir brings evidencie 
for the truth of Mendelian theory, it indirectly asserts the truth that 
ancestry is influential, at least in the field where the biometrician expects 
and asserts it to play a part. This paper contains only apother aspect of 
the results reached in 1904, but it provides in the simple case — the grand- 
parentage — the actual percentage measures of the influence of ancestry 
according to Mendel Its justification is the misinterpretation which is likely 
to be placed on the statement that “ there is nothing like ancestral 
contributions within the limits of a single unit-character.*’* 

* Daibiahire, ‘Boy. Soc*. Proc,,’ B, voL 81, p. 71. 
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(1) The population to l>e considei'ed in tliis paper is supposed to be 

initiated by a group of individuals with the protogenic constitution (AA), 
.sy individuals with the allogenic constitution {aa), and % individuals with 
the hybrid constitution (Aa), where the muting is given by the simple 
Mendel ian formula : (AA) x {cut) = 4 (Aa). 1 do not assume at this stage 

any relation tetween the gametic constitution of an individual and its 
somatic character. I propose first to consider the correlatimi between any 
ancestor and the resulting array of offspring, when we riigard only their 
gametic constitutions. I assume that all mating in the population is 
random, ie, that every possible mating occurs simply in the proportions of 
the frequency of individuals of given gametic constitution in the population, 
and that there is no differential fertility or selective death-rate. 

In a jmper published in the ' Phil Trans.,' vol. 2013, A, 1904, p. 63 et mq.t 
I have dealt with the correlation between the aonuttne characters of the 
ancestry and the offspring in a population of a Mendelian cliaraoter, more 
general in that I supposed the character to depend upon n conpl(‘ts, and not 
a single Mendelian couplet, less general in that I su]>posed the j>opulatioa 
to have arisen from a series of initial hybridisations, and not from a 
mixture as in the present case of hybrids and members of two pure races 
in any proportions. In that paper! showed (a) that there was correlation 
between any ancestor and the offspring, {h) that the regression for any 
ancestor and the offspring was linear, and {c) that the correlations decreased 
in geometrical progression. These are the chief characteristics of the Law of 
Ancestral Heredity. It was clear that, judged by somatic characters only, 
ancestry was of importance. The result depended on Mendel's first principle 
of dominance being absolutely true. The values of the correlations were, how- 
ever, less than those with which biometric work had made us familiar. 

(2) In the present paper I start with a more general population, and 
investigate the correlation of the gametic not the somatic characters. 

The general formula for the population before the first mating is 

Si (AA)+ 2 s 8 (Aa)-!- 8% (aa). (i> 

After the first random mating it is 

(si 4* Ss)** (A A) + 2 (si 4 Sa) (sa 4 Ss) { Aa) 4 4 Ss)^ 
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I write this for brevity 

(A A) + 2pq (Aff) -f {aa), (ii) 

and this constitution remains permanent in all successive matings. Hence 
the standard deviations of the gametic constitutions remain the same 
generation after generation, and the correlation coefficient is in every case 
equal to the slope of the regression line. I shall determine the slope of this 
line which will give the correlation and show that the regression is truly 
linear in each case. 

(3) I consider first the effect of individuals of each special type mating 
with the general population (ii). 

(a) Type ( AA) : the array of offspring is (}) -t q) [p (A A) -f q ( Aa)]. 

(ft) Type (aa): „ „ {p + q) [p (Aa) 4 - q (aa)], 

( 6 ‘) Type(Aa): „ Hi^d-y)f/^(^A)-f (; 7 -f ?)(Aa)4-^(aa)J. 

Thus, in seeking what any differentiated group 
ti ( AA) “f* ^3 ( Aa) 4 " (aa) 

produces when mated with the general population, ie. when mated at 
random, all we have to do is to replace (AA), (Aa) and (aa) by the above 
three expressions respectively. 

In this manner I obtained the array of offspring due to any parent, any 
grandparent and any great grandpaient. These at once allowed me to 
reach the general law of distribution, and, assuming this, one multiplication 
by the general population (ii) demonstrated by induction the validity of the 
results reached. These are as follows : — 

I term ath parent any individual n generations back in the direct ancestry : 
thus a 1 st parent is the father or mother; a 2 nd parent, a grandparent; 
a 3rd parent, a great grandparent, and so on. 

(i) If the wth parent lie an (A A), then the array of offspring due to random 
matings is 

(p+ •> (i)"" ‘ {(2*"^ + <?) ;> (AA) + [(2»- 1 )p + j] j (Aflf ) 

(ii) If the 7ith parent be an (A«), then the array of offspring is 
(pjf)(p+if)»<*-«(i)’‘-‘{[(2»--l)p+5]p (AA)+(y+2(2»-l)pj+j»](A«) 

■f [p 4- (2«— 1 ) 2 ] 2 (ffla)) . 

(iii) If the wth parent be an (aa), then the array of offspring is 

2 “ (p + 2)®'*" (I)"" M (2’''' ‘ - 1 (AA) + [(2" - 1) 2 +p] p (Aa) 

+ ( 2"">2 + P ) J (««))• 
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(4) These distributions correspond to the oases of 2, 1 and 0 A elements 
in the gametic constitution of the ?tth parent. And we have at once the 
following result : — 

Number of profcogenic elements 
in wth parent. 


1 
0 

Accordingly, the average number of protogenic elements in the array of 
offspring decreases uniformly with the decrease in numlier of the like 
elements in the nth parent, i.e. 

fh-yi = (i)” = Tfi-fh- 

Thus the regression between the nth parent and the offspring is linear, 
and the correlation coefficients form a geometrical series of ratio and 
first term Further, the exact constitution of the population, as far as 
the number protogenic, allogenic or heterogenic individuals is concerned, 
is of no influence on the result at all. For all mixtures following the simple 
Mendelian rule : (AA) x (au) = 4 (An), the ancestral correlations for gametic 


constitution are : 

Parental correlation 0*500 

Grandparental correlation 0*250 

(yreat grandpai'ental <iorrelation 0*125 and so on. 


It will be seen at once that these correlations are of the type p, pr\ etc., 
for which, in my memoir of 1896. I worked out the multiple regresnion 
formula, and showed that the ancestors were quite indifferent. “A know- 
ledge of tlie ancestry beyond the parents in no way alters our judgment as 
to the size of organ or degree of characteristic probable in the offspring nor 
its variability.’'^ This remark and the proof apply equally of course to 
gametic and to somatic characters if the correlation l)e of the above form. 

(5) Accordingly there remains not tlie least antinomy between th(^ 
Mendelian theory and the I-aw of Ancestral Heredity, if we confine our 
attention to gametic constitution. The Mendelian ancestry is correlated 
with the offspring in a series descending in a geometrical progression, and 
the r^ression is linear. The values of the correlation coefficients are 

* ** Begression, Heredity, and Panmixia,’* ‘Phil Trana,’ A, vol 187, 189C, p. 306. 


Average number of same 
elenients in array of offspring. 

‘^(p + q) 

■■■ 2 - (;, + ./)"■ 
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precisely those which it was pointed out in 1896 would lead to a knowledge 
of the parental constitution* replacing that of the ancestry. 

(6) The striking point, however, of the present investigation is that the 
values now shown theoretically to exist for the ancestral (jametic correlations 
in a sini]>lo Mendelian mixture are very close to those determined for 
soi/uUic characters in biometric investigations, whereas the mmatir correla- 
tions for a Mendelian population, if we maintain intact the principle 
(>f al>8oluto doiniiuiiice, appear theoretically to be too low. 

Thus the value for parentar correlation in man, horse, dog and cattle is 
about 0'5, and for the graudparental correlation lies between 0*25 and O’ 30 ; 
but this tendency in tlie grandparent to some slight excess on the Mendelian 
gametic value must not be given too much weight. 

(7) It seems desirable to consider bow far the results in my paper of 
1904 for the somatic correlations are znodified if we assume for our popu- 
lation 

(A A) -f 2p(j { Aa) -f (m), 

and do not makejt) = q. 

Assuming the principle of dominance to be absolute, I enquire what is 
the proportion of offspring possessing the dominant characterf (t.e, (AA) 
or (An)) supposing the ath parent to possess it {i.e, to be (AA) or (Aa) ); 
and again, what is the proportion possessing the dominant character, 
supposing the wth parent does not possess it (i.e, to be aa). 

Percentage of dominant ofiepnng. 

nih parent dominant in somatic character... 100 x - 2’>-^p(p + 2qy+f 

* 2»-‘0)+7)='(/) + 2y)' 

nth parent recessive in somatic cliaracter ...100 x? — 

^ 2’'~Hp+qy(j> + 2q) 

From this it follows that the correlation which is equal to the regression is 

J_ . X_.. 

2"“* p+2q 

If p — q, this is y , in agreement with the conclusion of my memoir 

of 1904. But unless q/ (p + 2^) =s i.e. the number of pure dominants in the 
population be vanishingly small (as well, of couinse, as the number of impure 
dominants !), this is not a .series to which the form p, p* p® . . . applies, and 
when we judge (as we must in most instances in man) by the somatic and 
not the unknown gametic constitution, tlie ancestry does matter. 

* As a matter of fact, a knowledge of the gametic oonetitutiem of the anoeetty in aity 
generation would be equally sufficient with that of the parents, 
t It is assumed that A is dominant over a. 
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The following table illustrates the percentages of dominant charactered 
offspring when we selected an ancestor of given character : — 



Percentage of dominants in offspring. 

Ancestor. 

P at 

H- 

v - i?. 

q ^ 

2i?. 


Pominant. 

Kticossivo. 

Poiuinant. 

Recessive. 

Dominant. 

Recessive. 

Parent ' 

91 -7 

<56-7 

83 *3 

60*0 

67-8 

83 *8 

G-mndparent 

90-3 

77-8 

79-2 

62 *6 

66-7 

44 *4 

3rd parent 

8ft '6 

88 -8 

77 *1 

08 *7 

56 *1 

60 *0 

4th parent 

89 '2 i 

86 -X 

76-0 

71*9 

66 *8 

62 *8 

6th parent 

8ft U 

: 87-6 1 

76 *5 

78-4 

66*7 

54 ’2 

6th parent 

89-0 1 

1 

t 88-2 

1 

76 -3 

74 *2 

66 '0 

1 

64*9 

00 th parent 

88*9 

' 88*9 

1 

76-0 

j 76-0 

i 

55 *0 

66 *6 


It will be clear that the difference of the percentage of dominants in the 
offspring according as a parent, grandparent or great grandparent was 
dominant or recessive in somatic character is quite marked ; and only as we 
approach the higher ancestry, where the correlation is growing very weak, 
does the percentage difference grow imperceptible. 

(8) That ancestry does not matter if we know the gametic constitution of 
the parents, that it does matter if we only know the somatic character of 
the parents appears to be the solution of one of the difficulties which some 
have found between the Mendelian and biometric methods of approacliing 
the subject. 

There is, however, I venture to think, another aspect of these results 
which is worthy of fuller consideration. Namely, the fairly close accordance 
now shown for the first time to exist between the ancestral gametic 
correlations in a Mendelian population and the observed ancestral somatic 
correlations suggests that the accordance between gametic and somatic 
constitutions is for at least certain characters possibly more intimate than 
is expressed by an absolute law of dominance. If (Aa) were a class, or 
possibly on a wider determiuantal theory a group of several classes, marked 
by an individual somatic character — not invariably identical with the 
somatic character of (AA) — there would be little left of contradiction 
betiveen biometric and Mendelian results as judged by populations sensibly 
mating at random. It is the unqualified assertion of the principle of 
donunanoe which appears at present as the stumbling block. 


YOU nxxxL— B. 


n 
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The Origin and Destiny of Cholesterol in the Animal Organism, 
Part V, — On the Inhibitory Action of the Sera of Rabbits 
fed on Diets containing Varying Amounts of Cholesterol on 
the Hafnolysis of Blood by Sapmiin. 

By Mary T. Fraser and J. A. (.tardner. 

(Communicated by Dr. A. D. Waller, F.11.S. Keceived April 3, — Read 

May 6, 1909.) 

(From the Physiological Laboratory, University of Loudon, South Kensington.) 

In an earlier paper* of this series it was shown that cholesterol is not 
excreted in the faeces of herbivorous animals, and that when rabbits are fed 
on a diet free from pbytosterol but containing metisured quantities of 
cholesterol, a portion of the latter substance is absorbed. The hypothesis 
wtis put forward that cholesterol is a substance which is strictly conserved in 
the animal economy ; that when the destruction of the red blood corpuscles 
and possibly other cells takes place in the liver, their cholesterol is excreted 
in the bile, and that the cholesterol of the bile is reabsorbed in the intestine 
along with the bile salts, and finds its way into the blood stream to be used 
in cell-anabolism. It was also suggested that any waste of choledterol might 
possibly be made up from that taken in with the food. In order to test this 
view, comparative estimations were made of the toted cholesterol content 
of the blood of rabbits that had been respectively fed on bran which had 
previously been thoroughly extracted with ether, and on the same extracted * 
bran with the addition of known amounts of cholesterol, care being taken 
that the animals were otherwise identically treated and were kept in good 
health. The results of the experiments showed that some, at any rate, of the 
cholesterol absorbed found its way into the blood stream. It seemed to us 
desirable to ascertain next whether the cholesterol was absorbed into the 
blood stream as such or in the form of esters or in both states, and also 
whether the phytosterol of vegetable food can be utilised for the formation 
of cholesterol in the organism. Owing to the small percentage of these 
substances in the blood, it did not seem probable that the chemical methods 
hitherto available for their estimation were sufiSciently accurate to give 
reliable information unless in each experiment a larger number of aniipals 
was taken than we could conveniently attend to. It seemed likely, however, 
that a comparative study of the inhibitory effects of the sera of rabbits fed 

* “ Origin and Deatiny of Cholesterol,” Part 111, ‘ Roy. Soc. Proc.,’ B, vol. 81, 1909 
p. 109. 
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on different diets on the htemolytic action of saponin on blood might throw 
light on the points mentioned. 

The experiments of Hausmonn,* Abderlialden and Le Countf have proved 
that whereas cholesterol and phytosterol inhibit the action of saponin, their 
esters do not do so. More recently WindausJ has shown that the inhibitory 
action of cholesterol and phytosterol is due to the fact that they form 
pharmacologically inactive compounds with saponin. We therefore decided 
to malce a comparative study of the inhibitory action of the sera of rabbits 
fe<l I'espectively on ether-extracted bran and oxtrachnl bran with cholesterol, 
extracted bran and extracted bran with cholesterol esters, and, finally, 
extracted bran and extracted bran with phytosteroL 

In the present paper an account is given of these experiments. 

Method of Feeding the Aniinah under Expermrid, — In eacli experiment, 
two large healthy rabbits, A and B, were fed for nine or ten days on bran 
which had been thoroughly extracted with ether. Excess of food was placed 
in the cages so that the animals could eat as much as they wished. In the 
case of rabbit A, after the third day a weighed amount of cholesterol mixed 
with a small quantity of moist extracted bran was given daily in addition, 
care being taken that the animal ate the whole of it. The rabbit was killed 
thi^e or four hours after the last cholesterol meal, and the blood collected in 
a sterile vessel. The blc)od was allowed to clot and was placed in the 
refrigerator until the serum separated. The rabbit B was killed at the same 
time and its blood collected and treatetl in a similar manner. Great care was 
taken to keep the animals in good health and as far as possible under the 
^ame conditions. It is also desirable not to extend the experiment over too 
long a period lest the continued sameness of the diet should have a deleterious 
effect. If the animals are in bad health, more especially if they waste away 
and become emaciated, the results are entirely vitiated. This is well illus- 
trated in the following experiment, which was commenced for another 
purpose and only continued as a matter of curiosity. Six medium-sized 
rabbits, weighing respectively 1*3, 1*4, 1, 1*2, 1*5, 2*3 kilogrammes, which 
wei’e, to begin with, in very poor condition, were fed for three weeks 
on extracted bran. They continued in poor condition and became very 
emaciated, and had the experiment been further prolonged would no doubt 
have died. They yielded altogether only 190 grammes of blood. The blood 
was analysed by the method described in an earlier papei\§ 0-1799 gramme 

^ ‘ Hofmeister’s Beitr.,’ voL 6, p. 6G7. 

t * Ztschr. ftir exper. Path, uiid Ther.,’ vol. 2, p, 199. 

X * Bor. d. deut. chem. 1909, vol. 42, No. 1, p. 23B. 

§ Ibid, 
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of pure cholesterol benzoate was obtained, corresponding to 01423 gramma of 
cholesterol, or 0*0745 per cent. This is a higher percentage than we have 
ever found in healthy animals, even in the case of those fed on diets rich in 
cholesterol. We have not yet had an opportunity of making further 
cxi>eriment8 in this direction, but we do not think the result is in disagree- 
ment with the hypothesis referred to at the beginning of this paper. 

Method of Carrying old the Hmmolytic ExperiincnU. — The method employed 
is to mix together a suspension of blood corpuscles, a solution of saponin 
and tlie serum, making up to a constant volume with physiological salt. 

For this purpose the following solutions are used : — 

(1) rhysiological salt — a 0*85-per-cent. solution of NaCl (specially 
purified) in distilled water. 

(2) Saponin (Merck) — a 0*01-per-cent. solution iji the physiological salt. 

(3) Rabbit's Wood corpuscles — a 5-per-cent, suspension in pliysiological 
salt. 

Tn carrying out the experiments, the mixtures of blood, saponin, serum, and 
physiological salt are very carefully measured into glass tubes with accurately 
ground glass stoppers. The tubes are thou placed in clamps fitted on to 
a circular plate of wood in such a manner that they radiate from the centre 
to the circumference. This disc, with the tubes attached, is slowly revolved 
in a vertical plane by means ai a clockwork drum, the whole apparatus being 
kept at a constant temperature of 37*^ by placing it in an incubator. 

As the tubes are completely inverted during the revolution of the disc, the 
corpuscles arc kept etpially distributed throughout the mixture without 
violently agitating the contents. 

Elastic hands hold the stopi>ers securely in position to prevent their 
coming out of the , tubes as tliey expand with the heat of incubation. The 
most favourable period of incubation was found to be throe hours. After 
this the tubes are placed on ice and the corpuscles allowed to settle, or they 
may be at once centrifugalised. In either case the amount of hteniolysis is 
judged from the colour of the clear supernatant liquid. 

Ry taking readings of a tintometer [Michael], on consecutive days, it was 
found that the tint of the tubes kept on ice did not vary, this showing that 
further haemolysis than that taking place during incubation was prevented 
entirely by placing on ice. The ice method was adopted generally. 

ExpcriTTients to ascertain whether Cholederol adwdnistered with the Food and 
ahsorhed hy the Animal appem^s in the Blood Stream as smh, 

E^eriment I. — It was first necessary to ascertain the least amount of 
sapquin solution which would produce complete heemolysis in a given 
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volume of a 6-per-oent. suspeusion of rabbit’s blood corpuscles. The results 
of the experiment are embodied in the following table : — 


Table 1. 


Amount of blood, 
t-per’-cenfc. suipension. 

Amount of sajtonin, 

0 *001 per oont. 

Amount of NaOl, 

0 *85 jM*r ctmli. ^ 

Kesult. 

0,0. 

c.c. 

c.c. 


2 

0-1 

S 

Incomplete htemolyHis 

2 

0-26 

8*76 


2 

0’5 

3*5 

n M 


! 0 *01 -per-cent. sol. 



2 

! 0-1 

3*9 

i 

' » 

2 

0*26 

3*76 

1 }> 

2 

0'6 

8 '5 

^ y} >f 

2 

1 J 

3 

j Complete Iiairnolysia 

2 

' 2 

1 

1 

»» 

t 

j 

j >) »» 

Incubated for three hours at 37*^ C. 




Thus 1 c.c. of a 0 01-per-oent. solution of saponin in a 0’85-per-cent, 
solution of NaCl completely Iimmolyses 2 c.c. of a 5-por-cent. blood susiwinsion 
in a total volume of G c.c. 

It was f»und, however, in the course of the oxjKJriments, that the least 
amount of saponin needed to cause hmmolysis varied slightly with different 
specimens of rabbit’s blo(jd. For this reason it was necessary always to have 
the serum of a I’abbit fed on extracted bran alone to compare with the 
. serum of a rabbit fed on extracted bran and cholesterol, etc., so that the 
comparative experiments were carried out on the corpuscles of the same 
rabbit. 

Ex^rimmt II. — Rabbit 1 ; fed on extracted bran for 10 days; weight of 
rabbit without blood = 1’7 kilogrammes. 

Rabbit 2; fed for 10 days on e.\tracted bran, during the last six days 
given i gramme cholesterol per day. Weight of rabbit without blood 
SEE 2*5 kilc^rammes. 

Rabbit 3 ; fed for 10 days (>n extracted bran, during the last six days 
given i gramme cholesterol per day for the first three days, 1 gi-amme 
per day for the last three days. Total, 3} grammes cholesterol. 

Animals kept under the same conditions and killed at the some time. 
Sera collected 36 hours after death. 

Results of experiment are given in the following tables : — 
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Tabl6 II. — Inhibitory Action of Serum of Extracted Bran-fed Kabbit 

(Rabbit 1). 


Amount of blood, ; 
S'jKT-eeufc. 
fluspeusion. [ 


Amount of 
ftorum. 


c.c. 1 0,0. 

2 0 *026 

2 ; 0-05 

2 } O’l 

2 I 0 *5 

2 t 1 


! Amount of NaOl, ■ Aniouut of aaponin, ' 
I 0 *85 por cent. 0 *01 per cent. | 


f 

KetiuH. j 


! 


t 


o.c. 

2 ‘975 

2*96 I 

2*9 I 

2*5 } 

2 I 



Ahnoat complete 
bsDmolyeis 
Slight liaemolysis 
Trace hwmoJyaie 
1 No heemolysif* 

»» 


Table III.— Inhibitory Action of Serum of Rabbit fed on Extracted Bran 

•f Cholesterol (Rabbit 2), 


Amount of blood, 
6-per-cent, 
suapenaion. 


c.c. 

2 


2 


2 


1 


j ’ 

! 

} Amount of 

Amount of NuCl, 

Amount of saponin, 

1 Bcruin. 

t 

0 *85 per cent. 

0 *01 per cent. 

L„ 

c.c. 

c.c. 

c.c. 

0 ‘025 ! 

2 ’976 

1 

0*05 ! 

1 2*96 

1 1 

-O’l 1 

1 2 ‘9 

1 

0 *5 

1 2 *6 

1 

1 1 

1 2 

1 

1 


Kesult. 


No hBemoly«i» 

t » I 

>f I 


Table IV. — Inhibitory Effect of Sorum of Rabbit fed on Extracted Bran 

+ Cholesterol (Rabbit 3). 


Amount of blood, 
6-per-cent, 
suspension. 

Amount of 
Serum. ' 

; Amount of NaOl, 
0 ‘86 per cent. 

Amount of saponin, 
0 *01 per cent. 

Kesult. 

c.c. 

c.c. 

1 c.c. 

c.c. 


2 

0*026 

1 2*976 

1 

No httmolyeia 

2 

0*06 

2*95 

1 

ti 

2 

O’l 

2*9 

1 

tt 1 

2 

0*6 

2*6 


If 

2 

1 

I 2 

1 

^ 1 

11 


Incubated for three hours at 37° 0. 

In order to control these figures, the experiments were repeated the 
following day, with identical results. It was found, however, that when 
kept over a period of several days the sera lost their inhibitory effect to 
some extent, but even then the relative strengths remain in the same 
proportion. 
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WxpeHurhent III. — Rabbit 4 ; fed on extracted bran for 14 days, weight 
5=: 1‘5 kilogrammes. 

Rabbit 5 ; fed on extracted bran for 14 days, the last eiglit days with 
cholestei*ol in addition ; { gramme the two first, J gramme the next four, 
and 1 gramme the last two days. Total clioleBterol, 4J gi*ammes ; weight 
= 2 kilogrammes. 

Animals kept under similar conditions and killed at the- same time. 
Serum collected day after death. 

The results of experiments are tabulated below : — 


Table V. — Inhibitory Effect of St^rum of Rabbit fed on Extracted Bran 

(Rabbit 4). 


Amount of blood, 
B-per-oent. 
BUspeuBlon, 

Amount 
of scrum. 

Amount of NaCl, 
0 *85 per cent. 

Amount of saponiu, 

0 *01 per cent. 

I 

c.c. 

2 

c.c. 

0'025 

c.c. 

2-976 

C.C. ! 

1 

2 

0*05 

2*96 

• 

1 

2 

0*1 

2*9 

1 

2 

0 -5 

2*6 

1 

4 


- 

- ■ 

Table VI. — Inhibitory Effect of Serum of llalibit fed 

+ Cholesterol (Kabbit 5). 

Amount of blood, 

Amount 

Amount of NaCl, 

! 

Amount of saponin, ' 

6-pei**oont. 

suspension. 

of serum. 

0 ‘85 per cent. 

(.1 *01 per cent. ; 

i 

c.o. 

o.c. 

c.c. 

c.c. 

2 

0 -026 

2i)76 

1 

2 

0*05 

2 05 

1 

2 

0*1 

2*9 

1 

2 

0*5 

2*6 

1 


Rosiult. 


Almost complete litonm* : 

lyaie j 

Conniderable heeiuolysis i 
A trace htetnolysis 
N’o hiBinolysia j 


Result. 


CouBiderablc luemolysia 
A trace heeuiolyftis 
Ifo hsemolysifl 


Exactly similai’ results were given by the sera heated for over an hour to 
56° C., as the following table shows. The heating was performed with the 
object of showing that the inhibitory action of the sera on hiemolysis is not 
due to an organic enzyme. 
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Table VIL— Inhibitory Action of Heated Serum of Rabbit fed on Extracted 

Bran alone (Rabbit 4). 


Amount of Wood, 
6. per. cent. 

i Amount 

1 of eorum. 

j Amount of NaCl, 

1 0 *86 per cent. 

Amount of maponin, 
0 *01 per C4*nt. 

RcHUlt. 

BUtfpeuBion. 



\ 

\ c.c. 

c.c. 

c.c. 

c.e. 


) 2 

0 *023 

1 2 *976 

1 

Almost complete luemo- 

j 


1 


lysis 

2 . 

0'05 

i 2 *96 

1 

UwmolywB 

2 

0-1 

; 2 *9 

1 

Slight hajmolysis 

2 

i 0*6 

! 2*6 

5 

No hirmolysiB 

j 


Table VIII. — Inhibitory Action of Heated Serum of Rabbit fed on Extracted 
Bran -f Cholesterol (liabbit 5). 


Amount of blood, i 
S-por-cent. 
suBponsion. 

I 1 

Amount | 
! of serum. 

1 Amount of NaCl, 1 
j 0 ’86 per cent. 

i 

Amount of sapi^nin, 
0 *03 })er cent. 

■ Result. 

c.c. 

2 

c.c. 

0*025 

c.c, 

2 *976 

c.c. 

1 

Heemolysed 

2 

0*05 

2*96 

1 

1 A trace hsomolysis 

2 

0*1 

2*9 

1 

* No lifipinoylsis 
»» 

2 

0*6 1 

2-5 

1 


A third series of observations was made the same day, with the sera in a 
lO-per-cent. solution of physiological salt. The results are given below : — 


Table IX. — Inhibitory Action of 10-per-cent. Solution of Serum of Rabbit fed 
on Extracted Bran (Rabbit 4). 


Amount of blood, 
6-per.cent. 
suspension. 

Amount 
of serum, 
10 per cent 

Amount of NaOl, 
0 ‘86 per cent. 

Amount of saponin, 
0 *01 per cent. 

c.c.^ 

c.c. 

c.c. 

c.c. 

2 

0*26 

2*76 

1 ! 

2 

0*6 

2*6 

f 

1 i 

2 

1 O 

2*0 

1 j 

2 

1 *6 

i 1 *6 

1 j 

1 


Result. 


Almost complete hiomo* 
lyeie 

HipmolyBiB 
Slight hiemolyffU 
No hennolyflis 
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Table X. — Inhibitory Action of 1 0-per-cent. Solution of Serum of Sabbit fed 
on Extracted Bran + Cholesterol (Babbit 5). 


Amount of bloody 
6 -per-cent, 
suspension. 

Amount 
of serum, 
10 per cent. 

Amount of NftCl, 
0 *86 per font. 

Amount of sAponin, 
0 *01 per cent. 

Kesult. 

C.C. I 0.0. i c.c, c.c. 

2 !0 ‘25 2 -75 i 

2 j 0‘6 2*5 i 1 

2 11-0 2-0 1 

2 11-5 1 '6 ; 1 

11 1 ! 

Heomolysed 

A trace iueiuolysis 

No haemolysis 


We repeated these experiments with three other pairs of rabbits, and the 
results were so similar that we need not recapitulate them. It is obvious, 
therefore, that the cholesterol absorbed from the food appeared in the blood 
stream in the free state. Whether any entered in the form of esters it is 
impossible to say, but experiments are in progress which we hope will throw 
light on this subject. 

It now seemed of interest to ascertain whether, the animals being fed on 
esters of cliolesterol in addition to extracted bran, the esters were absorbed 
entirely as such, or whether they undergo hydrolysis in the process of 
digestion, and find their way into the blood stream as free cholesterol, in 
part, at any rate. 

For this purpose we made use of pure cholesterol oleate and cholesterol 
stearate for feeding the animals. 

Expmmmt IV. — Babbit 6 ; fed on extracted bran for 18 days ; weighed 
2'2 kUogramuies at beginning, 2'3 kilogiummes at end of experiment. 

Babbit 7 ; fed on extracted bran for eight days, the last six days fed with 
cholesterol oleate in addition ; ^ gramme for four days, 1 gramme per day 
for two days ; weight of animal = 2 kilogrammes at beginning and end of 
feeding. 

Babbit 8 ; fed on extracted bran for eight days, the last six days fed with 
cholesterol stearate in addition ; { gramme for four days, 1 gramme per day 
for two days ; weight of animal = 2 kilogrammes at beginning and end of 
feeding. 

Animals were kept under the same conditions and killed at the same time. 
Serum collected next day. 

Besolts of experiment are tabulated below : — 



288 


Miss Fraser and Mr, Gardner. Origin and [Apr. 8^ 


Table XI. — Inhibitorj’ Action of Serum of Babbit fed on Extracted Bran 

(Babbit 6). 


Amount of bloody 
6-per-oent 
snapension. 

Atnount 
of goruiu. 

Amount of NaOl, 
0*86 p«r cent. 

'Amount, of saponin, 
0 *01 per oent. 

Eofiult. 

c,o. 

0.0. 

c.o. 

c.r. 


15 

0*026 ’ 

1 

2 *725 

1*25 1 

Almost complete hsemo- 
; lysia 

a 

0*05 

2 7 j 

1 ‘25 

1 Conaiderable haemolyaia 

2 

0*1 

2*65 ! 

1 *25 

1 ” . 

1 Slight hfiBrnolyaiB 

2 

0-25 

2*6 ! 

1 

1 *26 


Table XII. — Inhibitory Action of Serum of Babbit fed on Cholesterol Oleate 
in addition to Extracted Bran (Babbit 7). 


Amount of blood, 
6-per-ceat. 

Amount 
of eerunu 

Amount of NaCl, 
0 *86 per cent. 

Amount of aaponin, 

0 '01 por cent. 

suapenaion. 


0.0. 



0.0. j 

0.0. 1 

O.L\ 

2 

0*026 

2 *726 ' 

1*25 

2 

0*05 1 

2*7 ; 

1 *26 

2 

0*1 j 

2 •65 

1*26 

2 

0*26 

2 '5 

1 *26 


Kcsult. 


)» 

Slight h«moly«i8 
No httmolyw* 


Table XIII. — Inhibitory Action of Serum of Babbit fed on Cholesterol 


Stearate in addition to Extracted Bran (Babbit 8). 


Amount of blood, 
6*per'Oent. 
euapenaion. 



Amount 
of sonmi. 

Amount of NaCl, 
0 *86 per oent. 

Amount of saponin, 
0 *01 per oent. 

! 

j 

Eeault. 

o.c. 

0.0. 1 

I o.c. 

c.c. 


2 

0*026 

2*726 

1*26 

Hcemolyaia 

2 

0*06 

2*7 

1*26 

II 

2 

0*1 

2*06 

1*26 

Slight hffimolyaia 

2 

0*25 

2*6 ' 

1*26 

No haamolyaia 


The experiments were again performed with the sera after heating them to 
56° C. with the same object as in the case of the pi'evious Experiments. The 
following tables give the results : — 
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Table XIV. — Inhibitory Action of Serum of Eabbit fed on Extracted Bran 

(Heated) (Kabbit 6). 


Amoo&t of blood, 
5-per*oejat. 
suapension. 

Amount 
of aenun. 

Amount of NaCl, 
0 *86 per cent. 

Amount of aaponin, 
0 *01 per cent. 

1 

1 

Keault. ^ 

c.c. 

o.c. 

c.c. 

c.c. 


2 

0*026 

j 2 -725 

1 *25 

.ilinost complete haemO' 
lyeia 

2 ' 

0 06 

j 2*7 

1*25 

Considerable h«emolyai« 

2 

0*1 

2 *65 

1 *26 

yy 

2 

0*26 



2 5 

i 

1 *25 

Slight haemolyaia 


Table XV. — Inhibitory Action of Heated Serum of Itabbit fed on Extracted 
Bran + Cholesterol Oleate (Rabbit 7). 


Amount of blood, 
6-por-oent. 

Amount 
of serum. 

Amount of NaCl, 
0 '86 per cent. 

Amount of aaponin, 
0 *01 per cent. 

Keault. 

auapenaioti. 



O.C. i 

c.c. 

' O.C. 

c.c. 


2 

0*026 

2 ‘726 

' 1 *25 

HwinoIysiB 

! 2 

0*06 

! 2-7 

i 1 *25 

Sliglit Inemolyaia 

*: 2 1 

0*1 

2 m j 

1 *26 

2 « 

1 0*26 

! 2*6 

1*25 

No hiemolysia 


Table XVI. — Inliibitory Action of Heated Serum of Rabbit fed on Extracted 
Bran + Cholesterol Stearate (Rabbit 8). 


-Amount of blood, 
6-per-ooiit, 
aUBponaion. 

Amount 
of aerum. 

: 

Amount of NaCI, 

0 *86 per oeut. | 

1 

Amount of saponin, 
0 *01 per cent. 

1 

Roault, 

0.0. 

1 c.c. 

[ 

c.c. 1 

c.c. 1 

i 

1 : 

2 

! 0 *026 

2 *725 

1 *26 

1 Haemolysis 

I 2 

i 0*06 

2*7 j 

1*26 

» ' 

Slight liwmolyais j 

2 

i 0*1 

2 06 

1 *26 j 

[ 

0*26 

' 

2*6 1 

i 

1*26 

No heemolyais j 


They were also carried out with lO-per-cent. solution of the sera in physio- 
logical salt. 
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Table XVII. — Inhibitory Action of Serum in 10-per-cent. Solution. 
Extracted Bran-fed Babbit (Babbit 6). 


Amount of Mood, 
6-per-o«nt. 
etuopension. 

Amount 
of serum, 
10 per cent. 

Amount of NaCl, 
0^8/i per cent. 

Amoimt of saponin, 
0 *01 per cent. 

■ 

Eesult. 

t'.C. 

c.c. 

' 

c.e. 

c.c. 


* 1 

0-25 

■ 2 ‘5 

1 -25 

Almost complete luemo* 


1 

i 


lysis 

2 

j 0*6 

i 2 '26 

1 *26 

Considerable h»molyfli§ 

2 

1 1 *0 

1 -76 

1 *25 

ft tt 

2 

2*6 

1 0*25 

1 ‘26 

Slight hemolysis 


Table XVIII. — Inhibitory Action of Serum of Babbit fed on Extracted Bran 
-f Cholesterol Oleate in lO-per-cent. Solution (Babbit 7). 


Amount of blood, 
6 -percent, 
suspension. 

Amount 
of serum. 

Amount of KaOl, 
0 *86 per cent. 

Amount of saponin, 
0 *01 per cent 

' ' 1 

Hesult. 

c.c. 

c.c. 1 

0.0. i 

c.c. 


2 

0*25 1 

2*6 

1 *26 

Heemolysis 

o 

0*6 

1 2 -26 

J *26 


2 

1 *0 

1*76 i 

1 *26 

Slight hsemolysis 

2 

1 

2*6 1 

0*25 ■ 1 

1 '26 

No hasmolysis v 

i ' 


Table XIX. — Inhibitory Action of .Serum of Babbit fed on Extracted Bran 
+ Cholesterol Stearate in 10-per-cent. Solution (Babbit 8). 


Amount of blood, 
6-per-oent, 
suspension. 

Amount 
of serum, 

10 per cent 

Amount of NaCl, 
0 *86 per cent 

Amount of saponin, 
0 *01 per cent. 


c.c. 

c.c. 1 

c.c. 

c.e. 


2 

0*26 

i 2-6 

1 '26 

Hflsinolysis 

2 

0*6 

2*26 

1 *26 

tt 

2 

1*0 

! 1*76 

1*26 

Slight hamolysis 

2 

2*5 

i 0-26 

1 *26 

No littmolysis 


These experiments clearly show that the esters of cholesterol undergo 
hydrolysis during the digestive process and appear, partially at any rate, in 
the blood stream as free cholesterol. 

As cholesterol is not a normal constituent of the food of rabbits, it 
appeared interesting to find out (1) whether vegetable phytosterol is 
absorbed by the animal if given in the food; (2) whether this can be 
utilised by the animal. 

Exfperimmt V. — To ascertain whether the phytosterol of the food in the 
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case of rabbits is excreted unchanged or whether any is absorbed or 
destroyed during digestion. 

A large healthy rabbit was fed for eight days on a mixture of equal parts 
of extracted bran and extracted wheat germ, and tlie faaces were collected 
during the last seven days. The faeces, which when dried weighed 
60 grammes, were extracted with ether and the ethereal solution saponified 
with sodium ethylate. The unsaponifiable matter was obtained in the form 
of a clear stiff oil, weighing 0*4116 granmie. This was dissolved in 
5 c.c. absolute alcohol and left to crystallise. A small quantity of greasy 
crystalline matter separated, too small to be readily purified. It was not 
cholesterol, hut consisted of the crystalline phy tosterol” of bran, from 
which it is difficult to free completely the original bran by simple extraction. 

The animal was then fed for one day on the same diet, the heces being 
discarded, and for the following eight days on a daily ration of I gramme of 
phytosterol (from wheat-gcrm), 30 to 40 grammes of extracted bran and an 
equal quantity of extracted germs of wheat, care being taken that the animal 
ate the whole of the phytosterol — 2 grammes in all. It was then fed for 
four more days on the same diet, but without phytostorol. The foces 
collected during the 12 days weighed, after drying, 189 grammes. The 
animal remained in good health and its weight was constant all through the 
experiment. The faeces were treated as before and yielded 2-39()6 grammes 
of greasy unsaponifiable matter. This was repeatedly recry stallised from 
alcohol and two crops of pure phytosterol were obtained, the weights and 
melting points of which were: crop 1, 0‘6465 gramme, M.P. = 132° C. ; 
crop 2, 0*603 gramme, M.P, = 132° C, The mother liquors and residues 
were then evaporated to dryness and heated for a few minutes at a 
temperature of 180° — 200° C. with benzoyl chloride. The product was then 
poured into a suitable quantity of alcohol and allowed to stand. The 
difficultly soluble crystalline matter which separated was recrystallised from 
hot alcohol. In this manner 0*149 of white phytosterol benzoate was 
obtained which on recrystallisation from ethyl acetate was obtained in 
characteristic ci78talline form and melted at 141° C. 1*3675 grammes 
of pure phytosterol were therefore recovered out of the 2 grammes 
administered. 

A consideration of the quantity of phytosterol recovered and also of the 
relative quantities of unsaponifiable matter obtained in the two parts of the 
experiment makes it clear that some of the phytosterol of the food was 
either destroyed or absorbed, but most probably absorbed. 

JSaperiment VI. — In order to ascertain whether phytosterol given in the 
food has the same effect as cholesterol. 
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For this purpose animals were fed with actual bran and wheat-germ, which 
is rich in phytosterol, and other animals were fed on extracted bran with the 
addition of measured quantities of pure phytosterol. 

Babbit 9 ; fed on eortracted bran for 10 days'; weight of animal 
= 1'4 kilogrammes. 

Babbit 10 ; fed on extracted bran for three days, then ordinary bran and 
wheat-germ for six days ; weight of animal = 1‘7 kilogrammes. The 
following table gives the result of experiment; — 

Table XX. — Inhibitory Effect of Serum of Babbit fed on Extracted Bran 

(Babbit 9). 


; Amount of blood, 
6-por-oetit, 

Amount 
of Beruin. 

Amount of KaCl, 
0 *86 per cent. 

Amount of suponin, 
0 *01 per cent. 

Result. 

: Buspenaion. 

1 



{ 

c.c. 

c.c. 

c.c. 

c.c, 


2 

0-026 

2 ‘975 

1 

Almost complete h»rao- 





lysis 

2 

0*06 

1 2 ‘96 

1 

Slight haemolysis 

2 

0*1 

2*9 

1 

A traoe hiemolysis 

2 

0*6 

2*5 

1 

No hsemolysis 


Table XXI. — Inhibitory Effect of Serum of Babbit fed on Ordinary Bran and 

■Wheat-germ (Babbit 10). 


Amount of blood, 
5-per-cent. 

Amount 
of serum. 

1 

j Amount of NaCl, 

: 0 *86 per cent. 

1 1 

suspension. 

c.c. 

c.c. 

! 

i 

c.c. 

1 

C.C. 

1 

2 

0*026 

2-976 

I 1 

Heemolysis 

2 

0*06 ! 

2 OS 

i 1 

Slight h»raolysi» 

2 

0 1 1 

2*9 

1 1 

No Iwemolysis , 

2 


2*5 

1 

>1 


This experiment was repeated the following day with identical results. 

Babbit 11; fed on extracted bran for 11 days; weight of animal 
= 2 kilogranunes. 

Babbit 12 ; fed on ordinary bran and wheat-germ for nine days, having 
been fed with extracted bran for two days previously ; weight of animal 
ss. 2 kilogrammes. 

The animals were kept under exactly similar conditions and killed at the 
same time. Serum collected day after death. The results are tabulated 
below : — 
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Table XXII. — Inhibitory Action of Serum of Babbit fed on Extracted Bran 

(Rabbit 11). 


Atuoani of blood, 
6-per-o<^nt. 
fluspotwion. 

! Amount 1 
j of serum. 

Amount of NaCl, ; 
0 *86 per cent, j 

Amount of saponin, 
0 *01 per cent. 

1 

Beault. 1 

c.o. 

o.c. 

c.o. 

c.c. 

1 

2 

p 

0 -025 

i 

2*975 

1 

Ahnoet complete htemo* j 
lysis i 

2 

1 0*06 

2*95 

1 

Haemolysis 1 

2 

0*1 1 

2*9 

1 

Slight heemolyBis i 

2 i 

1 0-6 : 

i 

2 *6 

1 

No hiemolysia j 


Table XXIII. — Inhibitory Action of Serum of Rabbit fed on Ordinary Bran 
and Wheat-germ (Rabbit 12). 


1 Amount of blood, 

1 6-per*cent. 

j suepension. 

: 1 

, Amount 

1 of serum. , 

j Amount of NaCl, 

1 0 *86 per cent. 

Amount of saponin, 
} 0 *01 per cent. 

1 

1 

1 Keault. 

j 

] c.c. S 

c.o. 

! 

; c.o. ' 

c.c. 


2 

0 *025 1 

2 *976 

1 

Haemolysis 

2 1 

0 *05 ; 

2*96 

1 

1 Slight luemolysis 

2 ; 

0-1 

2 ‘9 1 

1 

t A trace litei nolysis 

2 . 1 

1 

0'6 

2*6 1 

1 

1 No hannolyBis 


Experiments were also carried out with the sera after lieating for over an 
hour to 55° C., and in lO-per-cent. solutions made up with physiological salt. 
The results agreed entirely with the above tables. 

The serum of tlie rabbits fed on ordinary bran and whoat-germ shows 
a slightly greater inhibitory power than the serum of the rabbit fed on 
extracted bran. This seems to indicate (1) that some of the phytoaterol of 
the wheat-germ found its way into the blood stream, or (2) possibly caused 
an increase of cholesterol in the blood. Rabbits experimented on disliked 
the wbeat-gema so that it was often neglected, the extracted bran being 
always given the preference. We therefore resolved to give, in subsequent 
experiments, weighed quantities of pure phytosterol 

Babbit 13 ; fed on extracted bran for seven days. 

Babbit 14 ; fed on extracted bran for 12 days with phytosterol in addition, 
eight days with f gramme per day, then four days with ^ gramme per day. 

Animals kept under similar conditions. 
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Table XXIV. — Inhibitory Action of Serum of Kabbit fed with Extracted 

Bran (Babbit 13). 


Amount of blood, 
6-j>er-cent. 
amspension. 

Aviouni. 
of Riorum. 

Amount of WaCl, 
0 '86 per cent. 

Amount of sapomn, j 
0 '01 per cent. j 

Kesult. 

c,c. 

c.c. 

c.c. 

0.0. 


2 

0*026 

2 -976 

1 

Complete luemolyais 

2 

0*06 

2-96 

1 

Considerable hioiDolyai^ 

2 

01 

2 9 

1 

Slight httimolysia 

2 

0*6 

2*6 


No hflomolyais 

— — . . 

- 





L___ . - - 


Table XXV. — Inhibitory Action of Serum of Babbit fed with Extracted Bran 


+ Phytosterol (Babbit 14). 


Amount of blood, 
6 -per -cent. 
BUHpenaion. 

1 

1 

Amount 
of aerum. 

1 

Amount of NaCl, 
0 ‘86 per cent. 

1 

c.c. 

c.c. 

c.c. 

2 

0*026 

2*976 

2 

0'06 

2 •95 

2 

0‘1 

2*9 

2 

1 

0*6 

1 

2 ‘6 


I 


1 Amount of saponin, 
0 *01 per cent. 

Bcsult. 

1 

1 

c.c. 


1 

Hsemolyaia not complete 

1 

A trace hromolyaia 

1 

No b»molyaifl 

1 



f 


These experiments were repeated with the same sera, on consecutive days, 
three times altogether, and in evei’y case the result was identical. 

Further, it was found that on addition of greater quantities of saponin to 
the' same volume of blood, if the serum were added in proportional 
quantities, heemolysis was in every case prevented, if the ratio between 
saponin and serum were the same as that which prevented hwmolysis in the 
above experiment. 

The table is given below ; — 


Table XXVI. — Inhibitory Effect of Serum of Babbit fed on Extracted Bran 
with Phytosterol in addition (Babbit 14). 


Amount of blood, 
6-peT*C6nt. 
tuapeneion. 

Amount 
of Bcrum. 

Amount of NaOl, 
0 *86 per cent. 

Amount of lapouin^ 
0' 01 per cent. 

Kesult. 

c.c. 

o.c. 

c.e. 

o.c. 


2 

0-026 

2 *975 

1 

Hsemolysio 

2 

0*06 

2*96 

1 

A trace hannolyvtc 

2 

0*1 

2-9 

1 

No hiemolysis 

2 

0*16 

2*86 

1*6 


2 

0*2 

1*8 

2 

M 

2 

0*26 

1 

X'26 

2*6 

II 
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This is interesting as giving an mdication of the quantitative reaction 
between the serum and saponin, and therefore of its chemical nature. 

In order to ascertain whether the result would be affected by heating or 
dilution, however, another pair of rabbits yras used* ! 

Rabbit 16 ; fed for 14 days on extracted bran. Weight of animal 
= 1*6 kilogrammes* | 

Rabbit 16 ; fed on ordinary bran and wheat-germ for 13 days, the lasjt 
eight days with phytosterol in addition ; for six days J gramme per day, then 
I gramme the next day, and 1 gramme the last day* 

Animals kept under similar conditions and killedj at the same time. The 
results of experiments are given below : — 


Table XXVII. — Inhibitory Effect of Serum of Rabbit fed on Extracted Bran 

(Rabbit 15). 


Amount o£ blood, 
6-pw-cent, 
BUiipenaiou. 

Amount 
of serum. 

Amount of NaOl, 
0 *86 per cent* 

Amount of saponin, 
0 *01 per cent. 

Besult. 

c.c. 

o.c. 

c.c. 

c.c. 


% 

0 025 

2 *^76 

1 

Tlannolysifl not quite 
complete 

2 

0*06 

2*96 

1 

Considerable bsemolysit* 

2 

0*1 

2*9 

1 

Slight hflpmolyaiB 

2 

0-6 

2*6 

1 

No hromolysiH 

i 


Table XXVIIL — Inhibitory Effect of Serum of Rabbit fed with Phytosterol 
in addition to Ordinary Bran and Wheat-germ (Rabbit IG). 


Amount of blood, 
6-per-oent. 
•uBpension. 

Amount 
of scrum. 

Amount of NaCl, 
0 *86 per cent. 

Amount of saponin, 
0 *01 per cent. 

Result. 

0,0, 

! c.c. 

0.0. 1 

c.c. 


2 

0*026 1 

2 m 

i 1 

Hffimolyeed 

2 

0*05 ! 

2-96 

X 

A trace of hipmolysis 

2 

0*1 

29 , 

1 

No hflpmolysis 

2 

■ 0*6 

2-5 

1 
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Table XXIX. — Inliibitory Effect of Ea^bbit fed on Extracted Bran lieated 
to 66° C. for an hour (Jiabbit 16). 


Amount of blood, 
6-per-oont* 
Buspeusion* 

Amount 
of »e>pum* 

Amount of JfaOl, 
oont. 

Amount of saponin, 
0 *01 per cent. 

Keault. 

C.P. 

c.c. 

0.0. 

c.c. 


2 

0-026 

2*976 

1 

Hesmolysed (not q^te 





complete) ^ 

2 

0-06 

2*96 ' 

1 

Coneioerable hapmolyus 

2 

oa j 

2*9 

1 

Slight hffimolyeis 

2 

0*6 

2:6 

1 

\ 

No beeiaolyeifl 


Table XXX. — Inhibitory Effect of Serum of Babbit fed on Phytosterol in 
addition to Ordinary Bran and Wlieat-germ. Heated to 66° C. for 
an hour (Babbit 16). 


Amount of blood, 
6 -per- cent, 
euspension. 

Amount 
of eerum. 

Amount of NaCl, 
0 *86 per cent. 



Amount of saponin, 
0 *01 per cent. 

Besolt, 

0.0. 

0.0. 

o.e. 

c.c. 


2 

0*026 ! 

2 *976 

1 

H»mol;)reed 

2 

0*06 

2*96 

1 

A trace hamolysis 

2 

0*1 

2*9 

1 

No beemolyliis 

2 

0 *6 

2*6 

1 

>» 



I ' 

— 
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Table XXXI.— Inhibitory Effect of Serum of Babbit fed on Extracted Bran 
in 10-per-oent. Solution made up with Physiological Salt (Babbit 15). 




Amount of blood, 
6-per-oent. 
suspension. 

Amount 
of serum, 
10 }>ercent. 

Amount of NaOl, 
0 *86 per cent 

Amount of saponin, 
0 *01 jfer cent. 

Besult 

0.0. 

c.c. 

c.c. 

c.c. 


2 

0*26 

2*76 

1 

Hjemolysis almost com* 

2 

0*6 

2*5 

1 

plete 

Considerable bwmolysis 

2 1 

1 *0 j 

! 2 

1 

Slight hemolysis 

2 

1 '6 

1 *6 

1 1 

No hsemoliysis 

- 
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Table XXXII. — Inhibitory Effect of Serum of Babbit fed on Phytosteiol in 
addition to Ordinary Bran and Wheat-germ in 10-per-oent. Solution of 
Physiological Salt (Babbit 16). 


^9unt pf bipod, 
^ 5-peivoenti, 
suspension. 

.Amount 
of serum. 

4;aon&tof 

0 *86 per cent. 

Amount of saponin, 
0 *01 per cent. 

Eesult. 

c.o. 1 

0.0. ' 

0.0, 

0.0, 


2 

0*26 1 

2*76 

1 

Htemolysed 

2 

1 0*6 

2*6 

1 

A trace hsspxol^sif 

2 

! 1 

2 

1 

No Kssmolysis 

2 

1 1-6 

1*6 

1 

91 


These experiments fully confirm the conclusion arrived at from a com- 
parison of the sera fed on extracted bran and on ordinary bran wheat-germ. 


Conclusions. 

1. When cholesterol is given with the food of rabbits, some is absorbed 
and finds its way into the blood stream as free cholesterol, only a portion of 
the total cholesterol given in tlie food is absorbed, the rest being excreted 
unchanged. The amount of cholesterol which finds its way into the blood 
stream was not increased in our experiments by increasing the amount given 
in the food.* It would appear probable, therefore, that the animals only take 
up such an amount of cholesterol as they can utilise. 

2. Cholesterol when in the form of esters undergoes hydrolysis in part, at 
any rate, dming digestion, and appears ip the blood stream as free 
cholesterol 

3. When animals are fed on phytosterol, this substance is in part absorbed, 
just as in the case of cholesterol, and appears in the blood stream either 
itself or in the form of cholesterol. The latter point can, however, only be 
decided by the examination of very large quantities of the blood of animals 
fed on phytosterol. 

Experiments are now in progress which we hope will decide this question. 

We take this opportunity of expressing our thanks to the Government 
Grant Committee of the Eoyal Society for assistance in carrying out this 
work. 
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The Influence of Olucosides on the Growth of Acidfaat Bacilli, 
with a New Method of Isolating Human Tubercle Bacilli 
directly from Tuberculous Material contaminated with other 
Micro-organisms, {Preliminary Note.) 

By F. W. Twokt. 

(Communicated by Leonard Hill, F.B.S. Beceived February 18 , — ^Bead 

March 4, 1909.) 

This investigation was undertaken to test the action of acid-fast bacilli on 
the glucosides, and to see how far any fermentation reactions obtained would 
differ with the various strains of human and bovine tubercle bacilli tested, 
and also to obtain if possible a better medium on which to isolate and grow 
tubercle bacilli. In all, 43 glucosides were tested with acid-fast bacilli, 
including human and bovine tubercle bacilli, but there was no evidence of 
fermentation with any of the glucosides. 

One glucoside, ericolin, was found to kill off a large number of species of 
micro-organisms, especially bacilli of the colon group and various cocci, but 
had very little effect on the acid-fast group of bacilli. 

By means of this glucoside the isolation of tubercle bacilli directly from 
human sputum contaminated with other organisms becomes quite easy. The 
glucoside should be made up with distilled water in a 2-per-oent solution ; a 
lump of sputum is then placed into a test-tube containing the ericolin and 
placed at' 38° C. for f hour to 1 hour; sub-cultures are then made on to 
Dorset's egg medium, and pure growths of tubercle bacilli will be obtained in 
14 — 28 days; the tubes are sometimes contaminated with a few other 
organisms, chiefly tiny colonies of streptococci and slow-growing colonies of 
organisms of the streptothrix group, but they are so few that they in no way 
interfere with the tubercle colonies, which can be easily sub-cultured. 
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Eedprocal Innervation of Antagonietic Muscles. Fourteenth 
Note. — On Double Reciprocal Innervation. 

By C. S. Shebrikgton, D.Sc., F.ILS. 

(Beoeived March 25, — Bead May 6, 1909.) 

(From die Physiology Laboratory, Univeraity of LiverpooL) 

I — Beflex exoifcatioQ and inhibition when brought to play dmaltaneously on 
the niotoneurones of an extensor inusole can be so balanced that there results 
in the muscle a contraction, the degree of which evidences algebraic sununa- 
tion of the two opposed influences, the inhibitory and the excitatory.* This 
summation is obtainable not only in the decerebrate animal but also in the 
purely spinal (fig. 1). In the latter it proves obtainable in preparations quite 
recently made spinal, for instance, after decapitation. This oiroumstance 
much facilitates the physiological study of the phenomenon. In otlier words, 
the grading (fig. 1) of reflex contraction of tlie extensor by Ymying inteunty 
of inhibition acting along with reflex excitation can be studied in the animal 
freshly made spinal as well as in the animal in the decerebrate condition. 
The muscle .which I have chiefly employed in the purely spinal preparation is 
the isolated extensor of the knee in the decapitated cat. 

A difforence does indeed exist between the reactions of the preparation 
in the decapitated and in tlie decerebrate condition. In the decapitated 
prt^ration, as in the decerebrate, the reflex effect of any inhibitory afferent 
is easily seen if stimulation of that afferent is employed concun'ently with 
stimulation of an excitatory afferent If however the inhibitory afferent is 
stimulated during tbe ordinary resting condition of the preparation, there is 
usually no change in the muscle to show that the inhibitory afferent is pro- 
ducing any effect at all (fig. 2). This is because the extensor muscle in the 
decapitated preparation is not exhibiting tonus and lies relaxed, therefore 
affording no background of contraction against which an inhibitory reflex can 
reveal itself by causing relaxation. Even in this condition it can, however, 
easily be shown that the Inhibitory afferent is then really producing a state of 
inhibition in the preparation, although that state is not made evident by any 
further relaxation. If a stimulus sutfloient to cause reflex contraction of the 
muscle be applied to the excitatory afferent while the inhibitory afferent, 
although apparently without effect, is being stimulated, the excitatory 
alfetwt is found to be ineffective (or only partially effective) then ; but it. 

♦ Sherrington, ‘ Roy. Soo. Proc.,’ Note XIII, Nov., 1906. 

▼OL. JUOaCL— B. T 
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immediately becomes effective (or more effective) on withdrawal of the con- 
current inhibitory stimulation (fig. 2). 

Similarly with flexor muscles. The flexors of the knee can be suitably 
studied with semiiendinoBvs or hiceps femoris. With the latter, the posterior 
part only of the muscle need be used, the anterior part not being a true knee 



Fio. 1. — Befiex contraction of Yastocrureua in spinal mammal (decapitated cat), excited 
by faradic stimulation of oontralateial popliteal nerve (C). During this contraction 
the ipselateral pei-oneal nerve was faradis^ for the time shown by the lower signal (I), 
and produced a lessening of the reflex contraction ; this inhibitory effect is greater 
according as the intensity of the stimulation of the ipselateral nerve is increased. In 
the second observation it reduces the reflex contraction to less than half ; in the third 
observation it suppresses it altogether for so long as the inhibitory stimulus endures. 
In the third observation, with the strong inhibition, so abrupt and quick is the 
suppression of the contraction that the writing lever gives a vibratory shake at the 
end of its fall. The tremor seen to occur in the second observation during the period 
of concurrent excitation and inhibition is usual, and is more marked in the decapitated 
preparation than in the decerebiute. Hiue in seconds above. 

flexor (cat, dog). The muscle, semitendinosus, i» isolated by detachment 
from tibia and by severance in both hind limbs of all nerves other than its 
own. The reflex contraction or relaxation of the muscle can then be studied 
by the myograph. Reflex contraction is easily obtained by stimulation 
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(mechanical or electrical) of the central stump of almost any afferent nerve 
of the ipselateral limb. If while this reflex contraction is in progress the 
central stump of a tierve, «.</., popliteal, of the contralateral fellow limb be 
suitably faradised, there ensues immediate relaxation of the contracting 
semitendinosus (fig. 3). But if the contralateral afferent be stimulated while 
the preparation is at rest there may l>e no evidence of inhibition or of any other 


Fio. 2. 



Fio. oontraction of Vastocrureiw muscle evoked by stimulation of central 

etui of contralateral peroneal nerve (C). Before this stimulation a stimulation of 
the ipselateral peroneal (I) was commenced. This latter stimulation produced no 
visible effect oii the muscle, but it is only on its cessation that the contralater^ 
stimulation is able to produce a contraction. Cat, decapitated prepaiation. Time in 
seconds above. 

3.— Reflex contraction of Semitendinosus, a kuee*flexor, evoked by stimulation of 
central end of ipselateral peroneal nerve (I), and inhibited during concuiT^nt 
stimulation of contralateral popliteal nerve (C). Gat, decapitated preparation. 
Time in seconds above. 

-effect. The reflex stimulus might then be supposed not to l)e exerting any 
influence whatever on the flexor muscle. That is because there is then in 
the muscle no tonic or other contraction against which the reflex inhibition 
OM show. That the reflex inhibitory influence is, however, really at work 

T 2 
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can be shown by the same device as that employed above to reveal it under 
similar circumstances in the extensor muscle. 

Another way in which the hidden inhibition can be revealed is hy 
administering a small dose of strychnine. It was pointed out previously- 
that strychnine converts reflex inhibition of the extensor and certain other 
muscles into reflex excitation. I find this hold good also in regard to reflex 
inhibition of flexors. Intravenous injection of 015 milligramme strych.. 
hydrocliL per kilogramme (cat) almost at once converts the inhibitory effect 
of a contralateral aflerent on semitendinosus into an excitatory effect (hg. 4).. 



Fio. 4. — Effect of atlmulation of contralateral peroneal on SemitendinoenB ; A, before- 
strychnine ; B, after. In B the contraction of vastocrureus is not included, but 
semitendinosus (ST), which had shown no contraction in A, because the stimulus was 
inhibitory to it, in B under the same stimulus exhibits the marked contraction 
shown, the small dose of strychnine having converted reflex inhibition into reflex 
excitation* The contraction long outlasts the perijod of stimulation in B. 

Stimulation of the afferent then, in the resting preparation, instead of 
leaving the muscle apparently untouched, produces reflex contraction of it.. 
The influence on the flexor motoneurones, which was previously unable to* 
show itself in the relaxed muscle, because inhibitory, at once reveals its- 
existence, because under strychnine it has become an excitatory influence.. 
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And this holds good with the flexor muscle both in the decapitated and in 
the decerebrate preparation. The view that strychnine, by lessening an 
intracentral resistance, so allows the nervous impulse access where it 
previously had none, is therefore hardly applicable to the flexor any more 
than to the extensor : in both oases the effect is well explained by the 
strychnine converting reflex inhibition into reflex excitation. 

II. — The algebraic summation of reflex excitatory and inhibitory effect 
shows itself in the flexor muscle as well as in the extensor. Suppose reflex 
contraction of semitendinosus to be in progress under faradisation of the 
central stump of an afferent nerve, 6.g., peroneal, of the ipselateral limb. If 
then the central stump of an afferent nerve, e<^., popliteal, of the contralateral 
fellow limb be suitably faradised, there ensues an inhibitory relaxation of the 
contracting muscle. When the relative intensities of the stimulations of the 
two nerves are appropriately adjusted, the contraction of the muscle is not 
wholly abolished but is merely lessened in degree. The inhibitory stimulus 
under these circumstances causes first a rapid partial lengthening of the 
muscle, indicated by a descent of tbe myogram line; this rapid descent 
reduces the contraction to a certain level of diminished contraction, which 
is then equably maintained during the further continuance of the inhibitory 
stimulus, giving a plateau in the my<^raia. If, then, the inhibitory stimulus 
be withdrawn, the excitatory still continuing as before, the reflex contraction 
increases again forthwith, regains a higher level, and, subject to fatigue, 
continues until finally the excitatory stimulus is itself withdrawn. That 
this grading which involves inhibition as one &otor can be accomplished in 
either of two ways is proved by observation as follows : — Throughout a (fig. 5) 
consecutive series of reflexes tbe excitatory stimulus can be kept of constant 
intensity, while the inhibitory is varied in intentity in the sequent reflexes. 
When this is done, the amount which inhibition can subtract from the reflex 
contraction is found to be graduable from the hardly perceptible up to 
complete cancelling of all contraction for the time being. Conversely, 
a series of reflexes (fig. 6), in which the inhibitory stimulus remains constant 
in intensity but the excitatory is varied from reflex to reflex, produces degrees 
of reflex contraction extending from hardly perceptible lessening of the reflex 
contraction even to complete relaxation cf the contracted muscle. 

With flexor motoneurones, therefore, os with extensor, a grading of reflex 
contraction is obtainable by employing concurrently with reflex excitation 
an appropriate reflex inhibition. Tbe algekaio summation of these two 
opposed influences results in an infinite series of grades of intensity of 
contraction both in the extensor and in the flexor muscle. 

III. — ^The records show that the combining of any particular value of 
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excitation with any particular value of inhibition lesulte in a grade of con- 
traction less than that which the exoitatoiy stimalus without tilie inhibitory 
would give, and that this grade of contraction is fairly quickly reached, and 
that then this grade continues unaltered provided there is no alteration in 
the antagonistic stunuli. In other words, the myograph traces under the 
combined stimulntion a plateau (figs. 5 and 6) following on a brief descent. 
The same plateau is seen when combined excitatory and inhibitory stimulation 
follows on purely inhibitory stimulation (fig. 7). This plateau indicates that 
under the combined stimuli a condition of equilibrium is reached, the two 
opposed reflex influences of excitation and inhibition balaneing at a certain 
level of contraction or relaxation, the length of the muscle then remaining 



Fia. 7.— Beflsx contraction of Vastocrureus. The contraction is of two grades in each 
observation, according as there is concurrent etimnlation of inhibitory and excitatory 
afferent, and of excitatory afferent alone. C denotea tine of etimulation of contra- 
lateral peroneal nerve, I of ipeelateral perone^. Oat, decapitated preparation. Time 
in seconds. 

constant. This result is such as might be expected. It is a result, however, 
whioh in my experience is not obtained when reflex inhibition, however 
feeble, is pitted against that kind of reflex excitation which the muscle 
(extensor) expresses as tonus. A tonus preparation of the extensor muscle 
can be obtained by decerebration producing decerebrate rigidity. The 
relaxation caused in such a preparation by reflex inhibition jwogresses so 
long as the inhibitory stimulus continues (fig. 8). The weaker the inhibitory 
stimulus the slower the rate of relaxation, bnt the relaxing of the muscle 
progresses, so long as the inhibitory Stimulus continues, until the full degree 
of relaxation and the post-mortm, length of the muscle is gradually reached 
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^fig. 8). In other words» a balance between the reSex inhibition and the 
reflex excitation which tonus expresses is never attained. 

This state of tonus appears due to a natural stimulation of mild steady 
quality, and in decerebrate rigidity it is, as has been shown, a%dogenms 
in the sense that its afferent path is constituted by proprioceptive nerve* 



Fie. 8. — Vaetocrureus preparation in Decerebrats Bigidity. Beflex inhibition is pro- 
duced by stimulation of the central end of the severed ipselateral peroneal nerve 
below knee, the stimulus being a series of slowly repeated break induction shocks, 
shown by the signal lines 8A and SB. Time is marked (TA, TB) in fifths of 
seconds. In observation A the break -induced currents were more intense (100 units 
of Kronecker scale) than in observation B (SO units of Kroneoker scale). Cat, decere- 
brate preparation. In both the observations the relaxation of the muscle proceeds 
to the full resting length of the muscle, but in observation A the fully relaxed 
•condition is obtained speedily in the course of nine repetitions of the stimulus ; 
whereas in observation B the same degree of relaxation is reached only gradually in 
the course of eighty-six repetitions of the (weaker) stimulua The signal line at the 
foot of the figure marks the duration of the stimulation in observation B. 

fibres arising in the muscle itself** This autogenous tonus no artificial 
stimulus such as we apply to afferent channels experimentally for evoking 
teflexes has as yet succeeded in giving. The failure to exactly balance the 
Mtural reflex excitation which maintains this tonus by any artificial 


♦ Sherrington, * Quart. Journ. of Expt. Physiol/ voL 2, p. 109. 
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etimulation applied to inhibitory afferents may aimply mean that we fail by 
artificial inhibitory atimuli to induce a reflex inhibitiotn of sueh a kind aa 
a natural inhibitory tonus would be, just as we fail by artificial excitatory 
stimuli to induce a reflex contraction of such a grade as is the natural 
excitatory tonus. In light of this consideration the probability a{^>ear8 that 
just as there exists a natural excitatory tonus, e.y., the state of the extensors 
and of some adductors in decerebrate rigidity, so likewise there is a natural 
reflex inhibitory tonus, but that artificial stimuli such as we have at command 
at present fail to reproduce it. It may be that the relative slackness of the 
flexor muscles, in other words their exclusion from excitatory tonus, in 
decerebrate rigidity is the expression of an inhibitory tonus. Decerebrate 
rigidity is, as I have shown elsewhere,* to be regarded as a postural reflex, 
namely, the reflex of standing. If the flexors are under an inhibitoty tonus 
in that reflex condition while the extensors are under an excitatory tcmus, it 
becomes clear that reciprocal innervation applies in this static postural reflex 
as well as in the ordinary reflexes which execute movements and changes of 
posture. 

In the myograph records (fig. 8) which illustrate failure to obtain balance 
between the natural reflex tonus of the extensor and the artificially excited 
reflex excitation there occurs a farther feature. The rate of elongation of 
the tonic muscle under the weak artificially excited inhibition c<mtinues 
about the same from start to finish, even when the starting pdnt is with the 
muscle fairly fully shortened and the end point is with the muscle fully 
relaxed. In other words, the degree to which the reflex inhibition over- 
balances the natural excitation causing the tonic contraction seems practically 
the same throughout. But the intensity of the stimulation of the inhibitory 
afferent in these observations was kept the same from start to finish ; hence 
the inference is that the intensity of the natural reflex excitation causing the 
tonic contraction is about the same throughout. That is to say, the intensity 
of the excitatory tonus is practically the same when it keeps the extensor 
muscle so shortened as to maintain the knee fully extended as when the 
muscle under the tonus maintains the knee at an angle of e^. 60*. In other 
words, the intensity of the reflex tonus of the extensor may be practically 
the same while the muscle maintains postural lengths widely different. 
Thus the same conclusion is reached as has been arrived at by other 
observations which I have published bofore.t 

IV. — The extensor muscle of the knee (vcutoerwreus) and the flexor muscle 

* ' Int^^tive Action of the Nervous System,' London and New York, 1909. 

t Sherrington, ‘ Boy. Soc. Proa,’ Note XII, August, 1906 ; and ‘ Quart, doom, of Expt. 
Physiol.,’ loo, eit. 
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semiiendinosvs) of that joint being suitably isolated, the myog^raph can be- 
arranged to register simultaneously the state of oontraotion or rebucation of 
both muscles. If, then, excitatory and inhibitory afferents fur each of these- 
muscles be stimulated concurrently, summation of the opposed influences of 
the ant^onistic nerves is found to be exhibited concurrently by both 
muscles. The results of double (excitatory together with inbibitoty^ 
stimulation on the antagonist muscles can be grouped into cases belonging to 
three types. Which particular one of these three types occurs in any 
particular case depends on the relative intensity of the stimulation of the- 
two afferent nerves. In my experiments usually one of the two nerves has 
been ipaelateral, that is, belongii^ to the limb to which the observed muscles- 
belong ; the other contralateral, that is, belonging to the opposite fellow limb. 
The ipselateral nerve excites the knee flexor and inhibits the knee extensor 
(fig. 9 a, Obs. I and II). The contralateral nerve excites the knee extensor 
and inhibits the knee flexor (fig. 9k). 

Under concurrent stimulation of boUi ipselateral and contralateral nerve 
one type of result is that the knee flexor contracts and the knee extensor is 
relaxed apparently fully (fig. 9 b, Obs. V ; fig. 11, Obs. I and II). This is the 
result when the stimulation of the ipselateral afferent is strong and that of 
contralateral relatively weak, though yet efficient to cause contraction of 
extensor muscle were not the ipselateral stimulus concurrently at work. 

In a second type of case the result of the concurrent stimulation of the 
opposed afferents is that knee extensor contracts and knee flexor is relaxed 
apparently to the full (fig. 5, Obs. lY). For this result the stimulation of 
the contralateral afferent has to be strong and that of the ipselateral quite 
weak, though strong enough to relax the extensor and contract the flexor 
were not the contralateral stimulus in action at the time. 

In combinations belonging to the above two types, one of the antagonist- 
muscles contracts while its opponent, if previously at rest, does not enter into 
contraction, or, if previously contracting, is thrown out of contraction and 
relaxed, exhibiting no obvious contraction either to visual inspection or in the 
myograph record. The result in these two types of instance, although 
obtained under concurrent stimulation of both affarehts,. resembles to outward 
appearance that of stimulation of either the one or the other of the antagonist 
afferents alone. 

If, however, the relative intensity of stimulation of the two afferent nerves 
differs less tban in the two sets of cases mentioned, the result of the concurrent 
stimulation of the two nerves falls out diffisrently. In this third type of case 
the antagonistic muscles, flexor and extensor, both exhibit obvious contraction 
concurrently (fig. 9, Obs. II and IV ; and fig, 10). Thus the Observation II, 
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^ig. 9 a, opens with stimulation of the ipselateral afferent. This causes con- 
;traction of the flexor and, at the same time, relaxation of the extensor. Some- 



Fta. 10.— Beflex contmotion of Setnitendinosu^ Fl^ and Tastocrureus, Et^ rsoorded with 
double^mjograph. Hie lever attached to vastocrureu»{£t) writes not directly below 
but about a oentoetre to the right of that attached to semiteudinosus (FI) ; control 
aroa^ out when the recording surface was not moving, indicate the moment of 
commenoement of stimulus on each myogram line. The ipselateral |)eroneal nerve 
(aflerent end) is stimulated as shown by the lower signal line T\\ and causes contrac- 
tion ol semitendinosus and relaxation of vastocrurena Then foBows stimulation of 
contraJateral peroneal nerve as shown by the upper signal Et. This combined 
stimuiatioin lessens, but not to extiuotion, the contraction of semitendmosus and at 
the same time briugs into contraction the antagonistic muscle, vastoorureus. On 
reverting to the single stimulation again, the contraction of semB»udinosus increases 
once more and that of vastoctureus disappears. Finally, ou cessation of the single 
stimulation FiVe rebound, r, from inhibitory r^axation to inci^eased tonic contraction 
occurs in vastoerureus jQrnchronously with the relaxation of the flexor^ Time above 
itt seconds. Decerebrate cat. 

what more than a second later stimulation of the contralateral afferent was 
commenced, the stimulation of the ipselateral afferent continuing unaltered. 
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Under this concurrent stimulation of both nerves the extensor muscle at once 
contiucts and the contraction of the flexor muscle continues, but in much 
diminished degree. About two seconds later the stimulation of the contra- 
lateral afferent is discontinued, that of the ipselateral remaining as before. The 
contraction of the extensor at once dies out, and the flexor resumes the higher 
degree of contraction, approximately, which it exhibited befoi'e the stimulation 
of the contralateral nerve set in. Finally the stimulation of the ipselateral 
afferent itself is withdrawn ; the contraction of the flexor ceases forthwith, 
and the relaxed extensor then exhibits a rel)ound contraction, regaining its 
tonus, and exhibiting, indeed, a greater tonic shortening than it possessed 
before it was subjected at all to inhibition.* It is obvious from the record 
that the flexor muscle and the extensor, during the concurrent stimulation, 
are in contraction both of them at the same time, and that the height of con- 
traction of the flexor is less under the twofold stimulation than under that 
of the ipselateral afferent alone. That is evident not only from comparison 
with the flexor contraction in the first and third parts of Obs. II itself, but 
from comparison with Obs. I, where the behaviour of the two muscles under 
the stimulation of ipselateral afferent alone with the same intensity of 
stimulus as in Obs. 11 is seen. Observations I, II, and III are succes- 
sive observations taken at one minute interval In Obs. I the ipselateral 
afierent abne was stimulated, and in Obs. Ill the contralateral afferent 
alone. Betuming to Obs. II, although there is clear evidence from it that 
the contraction of the flexor during the concurrent stimulation of the 
antagonist nerves is an algebraic resultant of excitation and inhibition values, 
what is not so evident is that the concurrent contraction of the extensor 
similarly exhibits an inhibitory component. That this is, however, really the 
case is quite clear on comparing Obs. II with Obs, III. In Obs. Ill the 
^ntralateral afferent alone was stimulated. This stimulation has no obvious 
effect on the flexor muscle (see above, Section I) ; on the extensor it has the 
•effect of exciting a contraction. The intensity of stimulus applied to the nerve 
was unaltered from tliat of Obs, 11. But the height of contraction evoked is 
much greater in Obs. Ill than in Obs. II. The height of contraction has, of 
course — this being a tonus preparation of the extensor — bo be reckoned, not 
from the particular grade of contracted state which the tonic muscle 
happens to be exhibiting at the moment of excitation, but from the base line 
of full relaxation, such as is revealed under the inhibitions in Obs. I and II. 
'The greater intensity of the extensor's contraction in HI than in 
Obs. II proves that in Obs. II the extensor's contraction is less than it is under 
jibe same intensity of stimulus applied to the contralateral afferent alone and 
* Sherrington, *Bpy. Soc. Proc./ Note IX, 1906. 
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that it is less by an amount represented by the diSbrence between the he^ht 
of contraction in Obs. II and Obs. Ill respectively. Comparison of Obs. II 
with Oba III furnishes, therefore, one proof that under the conoorrent stimu- 
lation the contraction of the extensor like that of the flexor shows algebraic 
summation of neural states of unlike sign. And comparison of Obs. II with 
Oba IV (fig. 9 b) furnishes further proof of the same thing. Oba IV is a 
repetition of Obs. II, the intensities of the stimuli being the same in Obs. II, 
but the sequence of the stimuli in Obs. IV is in reverse order to their 
sequence in Obs. II. Obs. IV opens with stimulation of the contralateral 
afferent; this stimulation produces contraction of the extenmr with no 
obvious effect on the flexor, the preparation not being a tonirs preparation as 
regards the flexors. After the contralateral stimulus has been in operation 
for rather more than a second the ipselateral afferent is stimulated, the 
stimulation of the contralateral continuing as before. The effect of the 
concurrent stimulation of the two nerves is that the contraction of the 
extensor is considerably reduced in height, and that a contraction of the 
flexor occurs, but this contraction of the flexor is much less than that given 
by the ipselateral stimulus acting alone as in Obs. I and Obs. II. After 
about 2 seconds’ duration the ipselateral stimulus is withdrawn, there then 
ensues immediately a disappearance of the flexor’s contraction and a resump- 
tion by the extensor of the full height of contraction it showefl originally 
under contralateral stimulus alone. Finally the contralateral stimulus is 
withdrawn and the contraction of extensor soon begins to decline and 
somewhat gradually passes off. The difference between the abrupt reduction 
of the extensor’s contraction directly the ipselateral stimulus (inhibitory) 
joined the contralateral and the delayed and gradual dying out of the 
contraction on mere withdrawal of the exciting stimulus (contralateral) is 
characteristic of the diffhrenoe between onset of inhibition and mere 
cessation of excitation in a tonus preparation. 

Fig. 9b, Obs. V, taken a minute later than Obs. IV, supplies a repetition 
of the latter with increased strength of the ipselateral stimulus. The result 
then given during the concurrent stimulation of the opposed afferents ia 
different. The simple change in the intensity of stimulation of one of the 
afferents removes the result from the type 3 to type 1. Under the con- 
current stimulation in this observation the flexor contracts while simul- 
taneously the contraction of the extensor is apparently completely 
suppressed, whereas under the concurrent stimulation in Obs. II and IT 
both the flexor and extensor are synchronously in active contraction. 

In this third type (fig. 9, Obs. II, Obs. IV, and fig. 10) of result, 
therefore, concurrent stimulation of the two antagonistic afferents prodnoea 
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in the antagonistic muscles obvious contraction concurrently in both. 
But though both the muscles arc contracting the contraction of each is 
seen to be less than it would be were there not then in action the reflex 
which produces contraction of its antagonist. And this is so because 
some reflex inhibition of the motoneurones of each accompanies the reflex 
excitation of the motoneurones of the other. Thus the contraction of 
eemitendinoBus is less than it would be were not the contralateral afiFerent 
being concurrently stimulated, and the contraction of vastocrureus is less 
(than if the ipselateral afferent were not concurrently stimulated. As to 
which of the two antagonists exhibits the greater contraction, that feature 
is determined by the relative intensity of the stimulation of the two 
.antagonistic afferents. To obtain the type 3 of result the effects of the two 
opposed afferents have, of course, to be sufficiently nearly balanced, and the 
intensity of the one must not wholly overbalance that of the other. Within 
these limits, however, all degrees of grading of combination of the two seem 
obtainable by simple adjustment of the relative intensity of the stimulation 
of the opposed nerves. In short, a delicate grading of the intensity of 
contraction is effected by bringing into play a double reciprocal innervation. 
The result of the double reciprocal action is that each of the two muscles 
displays simultaneously with its antagonist an algebraic summation of reflex 
.inhibition and reflex excitation. In other words, antagonistic reflexes add 
themselves algebraically with unlike signs. 

To obtain this result with spinal reflexes, in the decapitated mammal, 
-or with reflexes produced by stimulation of afferent nerves in the decerebrate 
Animal, it is necessary to stimulate synchronously two or more afferents of 
opposed effect as regards the antagonist muscles selected. Stimulation of 
either of such opposed afferents taken alone never suffices, in my experience, 
^to produce simultaneous contraction, of the knee flexor and extensor. In 
short, concurrent contraction of the antagonists denotes that two antago- 
rustic reflexes are synchronously at work and are operating with intensities 
not far removed from balancing one another. In this respect there 
.is a significant resemblance between spinal reflex co-ordination and that 
• exercised by the motor cortex mr&n. Electric stimulation at one cortical 
point giving contiuction of, flexor of elbow with relaxation of the 
antagonist extensor, and stimulation at another cortical point giving contrac- 
tion of the antagonist extensor with relaxation of the flexor, synchronous 
.stimulation of the two cortical points together does often, I find, give, 
if suitably graded, a concurrent contraction of both flexor and antagonist 
^extensor tc^ther, 

V.— Apart from the intensity of the stimuli applied to the opposed afferent 

VOU MXXL—B. V 
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nerves there is, ho;vever, another factor controlling the balance of reflex 
result on the antagonistic muscles. It was shown previously that the 
ipselateral reflex on the knee muscles is, as compared with the crossed reflex, 
the prepotent one. Remembeiing that the influence of the ipselateral 
afferent is excitation of the flexor and inhibition of the extensor, while that 
of the contralateral afferent is inhibition of the flexor and excitation of the 
extensor, it has been shown that each of these afferent nerves can be mode 
to preponderate in reflex result over the other. This preponderance in effect 
of the one over the other can bo impressed on either the one or the other of 
the two by simply stressing the intensity of the stimulus to the one it is desired 
should preponderate. But it is less easy to secure prepotency for the 
contralateral nerve than for the ipselateral The ipselateral reflex seems to 
function with an inherent greater intensity than the contralateral Fig. 11 



Fia. 11.— Double-myograpli Observation. E marks vaatocrureus, F eemitendmostis^ 
0 contralateral stimulus, I ipselateral stimulua Cat, decerebrate preparation. Time 
in seconds. Description in text The myograph lever attached to vastocrureus 
writes not directly above that attached to semitendinosus, but about a half centimetre 
to right of it ; arcs cut by the levers on the recording surface when stationary mavk 
the moment of application of stimulus on each myograph line. 

exemplifies the effect that this has on the experimental adjustment ot' the^ 
stimuli required for algebraic summation of excitation and inhibition. The 
observation opens with stimulation of the contralateral afferent wbichi 
produces contraction of the extensor muscle and no obvious effect on the 
flexor, the preparation not being a tonus preparation os regards the flexor.. 
Two seconds later there ensues stimulation of the ipselateral afferent, 
stimulation of the contralateral continuing unaltered; the flexor at onoe^ 
oontraots, and the contracting extensor is at once relaxed, and so speedily 
and fully that its lever gives a vibratory shake after the fall A second and< 
a half later the ipselateral stimulus is withdrawn ; the contiuotion of the- 
flexor then dies off, and the contraction of extensor reappears and regains its. 
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oJd ppominence. Finally, the contralateral stimulus is withdrawn and the 
extensor^s contraction gradually passes away. After a minute’s pause the 
observation was repeated with unaltered intensity of the stimuli, but with 
reversal of their sequence. The ipselateral stimulus precedes and produces 
its unopposed effect ; this stimulus still remaining in operation, the contra- 
lateral stimulus is now combined with it and remains without visible 
influence on the myogram, although what its unopposed effect would be 
is guaranteed by the just preceding observation. This comparatively easier 
suppression of the contralateral reflex by the ipselateral than of the 
ipselateral by the contralateral explains how it is that when similar afferent 
nerves of both hind limbs or similar joints of skin in the limbs are 
simultaneously and similarly stimulated extension occurs in neither limb and 
flexion occurs in both.* 

The effect of fairly strong and equal concurrent stimulation of symmetrical 
afferents of the two limbs in giving flexor effect at both knees, whereas 
stimulation of one of the afferents gives flexion at ipselateral knee and 
extension at contralateral, iwalls strikingly a result obtained by Mott 
and Seh^erf on the eyeball movements under concurrent stimulation of 
balanced points of the two cerebral hemispheres right with left. Stimulation 
of the cortex of one hemisphere gives lateral deviation of both globi to the 
opposite side! It has been shown} that in this movement reciprocal inner- 
vation is at work producing inhibition of one muscle with excitation of its 
antagonist. Mott and Schafer found concurrent stimulation of points in the 
two hemispheres produce, when appropriately graded, a convergence of the 
two globi. Here, obviously, of the two antagonistic inflviencos, that on the 
ipselateral globus preponderates over that on the contralateral, just as in the 
case of the limbs the ipselateral reflex preponderates over its antagonistic 
contralateral. And in the eyeball resiilt, just as in the result on the limbs, I 
imagine that appropriate analysis would reveal in this case an algebraic 
summation of excitation and inhibition just as with the flexor and extensor 
knee muscles. In short, in both cases antagonistic reactions are adding them- 
selves with plus and minm signs. 

VI. — It will be noted that the ipselateral afferent, just as it is prepotent in 
excitation, so also is prepotent in inhibition. This supports the view put forward 
in these Notes^ that the inhibition and the excitation are complemental 

* Sherrington, article ** Spinal Cord,” * Schlifer^a Text-book of Physiology,’ vol, 2, p. 640, 
1899 ; also * Integrative Action of Nervous System,’ p. 226, 1906. 
i ^ Brain,’ vol. 13, p. 170, 1894. 

} Sherrington, * l^y. Soc. Proc.,’ Note II, vol. 63, p. 411, 1893. 
i Sherrington, ‘ Roy. Soc, Proa,’ Note VIII, vol. B 76, p, 277, 1906. 
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parts of one and the same reflex. In harmony with this etends also 
the fact that when the one or the other afferent is made prepotent by suitably 
increasing the intensity of its stimulus, the prepotency obtains both for exci- 
tatory influence and inhibitory influence alike. The reflex produced by either 
Afferent is, in fact, a reflex of simultaneous double sign (+ reflex)* And in 
the observations furnished there is a good deal of evidence suggesting that 
the relation l>otween the intensity of the excitatory part of the reflex and tlie 
inhibitory is such that the intensity of the one increases proportionally with 
that of tlie other. The rhythm of the inhibitory effect in the motoneurones 
of one muscle appears also to be synchronous with that of the excitatory 
effect in the motoneurones of the antagonist muscle, to judge by the rhythmic 
tremor not unfrequently evident on the myograph tracings. Observation IV 
of fig. 9b funiishes an illustration of this. 

VII. — It was shown previously that after reflex inhibition- of the inoto- 
neurones of the extensor muscle there ensues, in decerebrate rigidity, on 
withdrawal of the inhibitory stimulus, a contraction of the muscle. This is 
the rebound contraction which I attribute to “ successive spinal induction.” It 
may far exceed in intensity the tonic contraction which existed prior to the 
inhibition. The question arises as to what state obtains in the flexor muscle 
when this rebound contraction of its antagonist occurs. With the double 
myograph recording both extensor and flexor simultaneously, this* relation can 
be studied. Fig. 9a, Obs. I and II, and fig. 10, r, give instances of the time 
relations observable. On withdrawal of the ipselateral stimulus, the flexor 
contraction passes off, and at the same time there takes place the rebound 
contraction of the extensor. Often a relatively long latency period intervenes 
between the cessation of the stimulus and the onset of the extensor's rebound 
contraction. Similarly it is not unusual for the contraction of the flexor to 
outlive the duration of the excitatory stimulus for a certain time, the flexor 
motoneurones exhibiting after discharge. The simultaneous record of the two 
muscles shows that the rebound contraction of extensor synchronises with the 
dying out of the after-contraction of the flexor ; the after discharge (rebound) 
of the extensor motoneurones comes into action as that of the flexor moto- 
neurones passes off. Therefore, in the after-action shown by these antago- 
nistic centres, there is evident the same kind of reciprocal activity as is seen 
in their reaction under stimuli in application at the time. In after-discharge 
and in tonus, as also when reacting to ordinary reflex stimulation, reciprocal 
innervation seems to hold good in regard to the mutual relation between the 
motor centres of the antagonistic muscles. 
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The Properties of Colloidal Systems* 1 . — The Osmotic Pressure 

of Congo-red and of some other Dyes* 

By W. M, Bayliss, F.R.S., Physiological Laboratory, University College^ 

London, 

(Received April 19, — Read May 6, 1909.) 

Experiments made in 1895 by Linder and Picton* upon solutions of 
arsenious sulphide indicated that colloidal solutions possess a real osmotic 
pressure, although the authors themselves claim no quantitative value for 
their results. In 1905t further experiments were made, but again great diffi- 
culties were met with, and, although it seemed evident that osmotic pressure 
was present, the numerical values obtained were irregular and small. 

The first definite proof that certain colloidal solutions are able to exert a 
not inconsiderable osmotic pressure was given by Starling! in the case of the 
colloids of blood-serum. When separated by a gelatin membrane from a 
solution obtained by filtration of some of the same serum through Martinis 
gelatin filter, the pressure rose to about 30 mm. of mercury. 

Waymouth Reid§ found that solutions of carefully purified htemoglobin 
gave an undoubted osmotic pressure when separated from water by a 
membrane of parchment-paper, but regards this fact as evidence that 
hsemoglobin forms a true solution. 

Moorfi and Parkerll determined the osmotic pressures of the colloids of 
white of egg, of serum, and of soap solutions, while Moore and EoaflT made 
measurements of those of serum-proteins, of gelatiii, and of gum-acacia. 

Hiifner and Gansser** and, somewhat later, Eoaf,ff independently of one 
another, made careful determinations of the osmotic pressure of hflemoglobin 
solutions, to which reference will bo made in a subsequent page. 

It will be noticed that, in all these cases, with the exception of arsenious 
sulphide and soaps, the chemical constitution of tho body investigated is 
uncertain, although the molecular weight of hemoglobin has been calculated 
from its content in iron. Tho experience of those who had worked with 
arsenious sulphide and with soaps was not encouraging for further research^ 

^ * Chem. Soc. Trans./ vol. 67, p. 72, 1895. 

+ ‘ Ohem. Soc. Trans./ vol. 87, p. 1909, 1905. 

J * Joum. Physiol,/ vol, 19, p, 322, 1896, and vol, 24, p. 318, 1899. 

§ ‘ Joirni. Physiol,/ voL 33, p. 12, 1905. 

II * Amer, Journ, Physiol./ voL 7, p. 261, 1902, 

IT ‘ Biochem. Journ./ vol. 2, p. 34, 1907. 

** ‘ Archiv f. Physiol* (EngelmannX 1907, p. 209. 

+t ‘Physiol Soc, Proc./ 1908, p. i, in ‘Journ. Physiol,^ vol 39, 1909. 



270 


[Apr. 19, 


Dr. W. M. Bayliss, 

so that it seemed desirable to investigate the behaviour of colloids of known 
chemical constitution and molecular weight, the latter to be as small as 
possible, in order that the osmotic pressure should be sufficiently great By 
this means it might be possible to estimate the number of molecules taking 
part in the formation of solution-aggregates or colloidal elements, and also 
to obtain more definite information as to the effect of electrolytes on the 
osmotic pressure. 

Certain of the aniline dyes form colloidal solutions, if we may take 
Graham's criterion of non-diffusibility through parchment-paper as decisive. 
One of these dyes is congo-rod, whose constitution and molecular weight ai^e 
well known. My attention was first called to the fact that solutions of this 
body have a considerable osmotic pressure by plumomena met with in purify- 
ing it by dialysis. It was striking and, in fact, a matter of some 
inconvenience, to find that the contents of the parchment-paper tubes rapidly 
increased in volume by taking up water and, unless some of the fluid was 
removed, continuously overflowed. Congo- red, therefore, formed the starting- 
point of the observations to be recorded in the present paper. 

Owing to their high colouring power, the aniline dyes present many 
advantages for the study of colloidal properties. In the investigation of 
osmotic pressure, for example, the slightest leak in the membrane of the 
osmometer is detected at onctv 

The particular form of osmometer used was that of Moore and Boaf,* 
modified in order to change at will the fluid on the side of the membrane 
opposite to the solution under investigation. Repeated changes of distilled 
.water could be made until no fmther cliange in the osmotic pressure 
occurred, while the effect of the presence of various electrolytes or other 
bodies could be examined. A diagram of the apparatus is given in fig. 1. 

Congo-red, as obtained from Kahlbaum, was fotind to contain an 
appreciable amount of sodium chloride. In order to remove this, hydro- 
chloric acid was added until the red colour had vanished and the free acid, 
precipitated, was washed on a filter with distilled water. It was soon found 
that the free acid went into a beautiful deep blue colloidal solution, which 
passed through the filter. (This observation has been published by Pelet- 
Jolivet and Wild,t since my experiments were made.) ‘ I was obliged, 
therefore, to resort to prolonged dialysis against distilled water. This 
dialysed solution was placed in the osmometer. It gave a very small 
osmotic pressure, about 6 mm. Hg. Subsequent experiments, to be described 
below, Were made to determine the osmotic pressure of this blue colloid 
* Zor, mt 

t * Kolloid-Zsitsch.,* vol, 3, p. 176, 1&08, 
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more accurately. Dilute solution of sodium hydroxide was then run 
through the lower chamber in order to convert the free acid into the sodium 
salt. This solution was replaced at intervals of 24 hours until the outside 
solution remained permanently slightly alkaline. During this process the 
osmotic pressure rose gradually to about 40 mm. Hg. Kepeated changes of 



Fio. 1. 


A, Osmometer of Moore and Koaf. 

B, Mercury manometer, road by means of a reading microscope. 

C, T-tube, with inner smaller tube, to allow a current of water, or other fluid, through 

the outer, lower, cliamber of the osmometer. 

D, Tube, connecting the two chambers when the stopcock is opened. This is done in 

order to control the zero of the manometer at any time. 

E, Inlet tube to the lower chamber. F, Outflow. 

G, Bodadime tube to exclude atmospheric COj. 

H, Tube from flask of distilled water or other fluid. 

The osmometer was immersed in a thermostat, 

distilled water were then similarly run through as long as the pressure 
continued to rise. After ten days, equilibrium was attained with a pressure 
of 79*3 mm. Hg at a temperature of 30^*2 C. 

The molecular weight of cougo-red (the di-sodium salt of benzidine- 
tetrazo-di-naphthylamine-di-sulphonic acid) is 696*47, On the basis of an 
osmotic pressure of 22*4 atmospheres for a molar solution (as true solution) 
at 0°, a 1-per-cent. ( 2 = 10 grammes per litre) solution at 30°'2 should have a 
pressure of 

22-4 X 760 X X - 271-4 mm. Hg. 
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At the end of the above experiment, the solution was pipetted out of the 
osmometer and its concentration determined by evaporating to dryness a 
known volume and drying the residue to constant weight in a toluene 
bath in the usual way. It was found to be 0* * * § 30 per cent., so that, if the 
dye had been present as separate molecules, the osmotic pressure should 
have been 0*30/1 x 271*4 = 81*4 mm. Hg. The actual value found was 
79*3 mm. Hg, or 97 cent. 

In other experiments the agreement with theory was not so good, e.g, 
207 mrtu, instead of a theoretical 228 mm., or 91 per cent, for a 0‘84-per- 
cent solution at 30°*2 ; 77*4 instead of 84, or 92 per cent, for a 0’S09-per* 
cent, solution at 30^*7 ; and 128 instead of 146, or 88 per cent., for 
0*68-per-cent. solution at 10^. 

It is obvious that these values could only be obtained if the greater part 
of the elements responsible for the production of osmotic pressure were 
present as single molecules, since any value greater than one-half the 
theoretical implies that a part of the active elements consists of single 
molecules. 

When the molecular weight of haemoglobin is calculated from the content 
in iron, a value of about 12,000 to 14,000 is obtained.* Now this is the 
same number obtained from the osmotic pressure detenmnations of Hiifner 
and Gan8ser,t and of Eoaf4 Hcemoglobin, therefore, exists in sblution in 
single molecules, although, like congo-red, it does nut pass through parch- 
ment-paper. The molecular weight of congo-red, however, is very much less 
than that of haemoglobin, only about one-twentieth in fact, so that it is more 
surprising to find it to behave as a colloid. 

On this account it is advisable to examine how far congo-red exhibits 
other properties associated with colloids. To what degree does a molecule 
of such dimensions show the . characteristics of matter in mass, possessing 
surfaces ? 

In the first place, what appearance does a solution of congo-red show in 
the ultra-microscope ? According to Michaelisg the particles present are 
sub-microscopic, that is, resolvable into separate bright points. The same 
statement is mode by Pelet-Jolivet and Wild.|l My observations are not 
entirely in agreement with those of the investigators mentioiied. There are 
undoubtedly, a few scattered bright points to be seen, but these only 

* See SchultJK, ‘Die GrOsse dee EiweiasmolekUls/ p. 31, Jena, 1903, 

t Loc, 

J Zee, ciL 

§ ‘Deutsche Med, Woehenseb.,' No. 42, 1904. 

II Zoc. oit. 
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account for a very small part of the total quantity of the dye present in the 
solution, as can easily be shown as follows: The blue colloidal free acid of 
congo-red, even in extreme dilution, shows the track of the beam of light 
filled with shining points of a beautiful copj)er colour and of nearly equal 
size, so far as their diffraction images enable one to judge. If a drop 
of dilute alkali be added to this solution, the track of the beam suddenly 
vanishes, occasionally . a bright point moves into the field and back again. 
These few particles seem to be slightly larger than those of the acid. When 
the illumination is carefully adjusted and made as brilliant as possible, close 
attention shows that the track of the beam is very faintly visible as a bluish 
grey haze, not resolvable into separate points, at all events not with the 
means at my disposal, viz., arc light, Zeiss D* objective. As i am inclined 
to interpi'et the phenomena, the faint haze is the optical expression of the 
part of the dye present in the molecular state, and the rare bright points are 
due to aggregates of a number of molecules, produced by the action of traces 
of electrolytes, to which congo-red is enormously sensitive, as will be shown 
below. The solutions described by previous observers as bcring resolvable 
into particles by the ultra-microscope were, in all probability, not sufficiently 
free from electrolytes. 

The ultra-microscope, then, does not throw much light on the nature of 
solutions of congo-red, since, although it does not contain particles large 
enough to he visible by means of this instrument, otlicr undoubted colloids, 
such as ferric hydroxide, are similarly non-resolvable, but show a faint haze.^ 
Moreover, the phenomena described above in the case of congo-red are very 
like those seen by Michaelisf in certain protein solutions, namely, a part 
visible as gmuules and the rest not so resolvable. 

The property of carrying an electric charge, not as an ion, but on 
undissociatod molecules, is share<l by congo-red with matter in mass. In 
Whetham*8 boundary apparatus the dye moves as a whole towards the anode 
and is, therefore, negatively charged. The origin of the charge is obscure, 
but is, perhaps, derived from electrolytic dissociation.J In accordance with 
its nature as an electro-negative colloid, congo-red is aggregated or pre- 
cipitated by cations, especially powerfully by bi- and tri-valent ions. It is 
also precipitated by an electro-positive colloid, such as toluidine-blue or 
ferric hydroxide. The precipitate has the properties of an adsorption- 

♦ Zsigmondy, * Zur Brkenntniss der Kolloide/ Jena, 1905, p. 14S. 

+ ‘Virchow’s Archiv,’ vol. 179, pp. 205—208, 1905, 

t The phenomena seen in the boundary apparatus are of some complexity, being accom- 
panied by slight electi^lyms. These will more properly form the subject of a separate 
l>aper. 
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compound, in tJiat its composition varies with the relative concentrations of 
the two colloids present in the solution. As I Ixave shown elsewhere,*^ the 
behaviour of oongo-red in respect of adsorption by cotton and other 
materials is that of an electro-negative colloid. 

The statement is sometimes made that colloids have no definite point of 
satumtion. Congo-red, on the contrary, has, in a certain sense, a somewhat 
indefinite limit of solubility. It appetirs, however, that many colloids, 
esfiecially the inorganic ones, tend to aggregate and deposit when their 
particles are brought into too close apposition ; it may be that traces of 
electrolytes are responsible for this behaviour, which is thus not the same 
thing as the crystallisation of a super-saturated true solution. 

Kecent research tends to show that tliere is no real line of demarcation to 
be drawn between colloids and crystalloids. Congo-red is evidently one of 
those interesting cases which have some of the properties of both classes. In 
any case, it does not seem reasonable to expect fundamental differences as 
regards properties dependent on dimensions of the active elements between 
a large molecule such as congo-red, containing some 70 atoms, and a particle 
of colloidal gold containing a similar number of atoms. The properties 
referred to are those dependent on diffusion, such as osmotic pressure and 
those dependent on surface development. 

The fact that, in the case before us, true solution and colloidal ‘solution are 
one and the same thing suggests several interesting questions. At what 
molecular size do bodies begin to show properties due to surface develop- 
ment, although still in the condition of single molecules ? Again, why 
should we not be able to reduce the numl>er of molecules in the aggregates 
of colloidal gold until they consist of single molecules? In this case we 
should have a true solution of gold in the metallic state, not in the ionised 
condition. It is possible that differences of electric potential and surface* 
tension oppose obstacles to such a phenomenon. 

The great sensitiveness of congo-red to traces of electrolytes has already 
been incidentally referred to and this fact makes it a matter of considerable 
difficulty to obtain the maximum readings of the osmotic pressure as given 
above. For example, a solution of congo-red, containing 0*84 per cent, of 
the dye, dialysed against repeated changes of ordinary distilled water until 
no further rise of pressure took place, gave an osmotic pressure of only 
118 mm. Hg, whereas on using water which hod been distilled after the 
addition of potassium permanganate and sulphuric acid and a $ec<md iiw after 
the addition of barium hydroxide, being kept from contact with air by soda- 
lime tubes, the pressure rose to 207 mm. Hg. The ordinary distilled water 
• ‘ Biochem. Journ./ vol. 1, pp. 175^832, 1306. 
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used above was a fairly good sanii)le, having a conductivity of not more than 
5 gemmhos at 18^ while tho purer water had a conductivity of 1*8 gemtnhoB, 
If still better water had been used, no doubt the full theoi'etical value of 
228 nun. for the osmotic pressure would have been reached. 

Since the ordinary distilled water presumably contained carbonic acid, 
I trie^l the eflPect of water through which carbon dioxide gas had been passed 
until its conductivity was 23 gemmhos. By titration, this solution was 
found to contain 0*19 gramme CO 2 per litre. The osmotic pressure fell from 
207 to 120 mm. Hg. 

Tho powerful action of so weak an acid as carbonic is rather surprising, 
and makes it unnecessary to subject stronger acids to detailed investigation. 

When the solution of carbonic acid in the above experiment was replaced 
by a decinonnal solution of sodium chloride, the osmotic pressure fell in the 
course of 24 hours to 15 mm. Hg. When equilibrium was established, the 
concentration of sodinm chloride on both sides of the membrane would be 
about one-twentietli normal. 

Linder and Picton* found that when aggregation of arsenious sulphide was 
brought about by an electrolyte, it was impossible to reverse the process by 
washing with distilled water. Similarly, although repeated changes of 
distilled water W(U'e passed through the osmometer after the sodium chloride, 
itntil the issuing water gave no reaction with silver nitratt>, the osmotic 
pressure only rose to about three-quarters of its initial value. It is possible 
that very much more prolonged dialysis might have produced further effect, 
but it seemed more important to use the apparatus for other experiments, 
since all these experiments are of necessity of long duration. This washing 
with water was, in one case, continued for throe weeks, and, although after 
this process the osmotic pressure had risen only to three^qiiarters of what it 
was before the action of sodium chloride, no further rise was to be detected 
on the mercurial inauoinetev when a fresh change of water was added. If 
a more delicate manometer had been used, it is quite ])OS8ible that the 
pressure would have been found to be still rising very slowly, aince the 
extreme slowness of removal of the last traces of electrolyte is characteristic 
of adsorption pheuomena.f 

In order to test the action of alkali, a solution of the blue free acid was 
placed in the osmometer. Only a small pressure of a few millimetres was 
obtained, too small to read accurately on the mercurial manometer. Whan 
dilute sodium or ammonium hydroxide was run into the lower chamber, the 
pressure rose rapidly as long os the alkali combined with the dye-acid. 

* * Chem. Soc. Trans./ vol. 87, p. 1911, 1905, 
t Bayliss, ^Biochem. Journ./ vol 1, p, 182, 1906. 
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When excess was pj^enfc, as shown by the permanent alkaline reaction 
of the solution, the pressure fell again. The explanation is, no doubt, that 
the aggregating action of the cation made itself felt. In view of the results 
of Moore and Eoaf* on the augmentation of the osmotic pressure of protein 
solutions under the action of alkali, the fact noted by me is of some interest. 
It seems probable that, in the case of proteins, the rise of osmotic pressure 
is the result of the formation of new colloids by chemical action, these 
“ salts ” having smaller “ solution-aggregates ” than the original colloid.f 
If we were unaware of the chemical nature of congo-red and observations 
were being made of the osmotic pressure of the solution of the free acid, we 
might imagine that alkali caused a large increase in the osmotic pressure of 
this body. The fact is that the blue colloidal solution of the free acid, 
as will be shown later, consists of large particles, easily resolvable by the 
ultra-microscope, and producing only a small osmotic pressure. When 
alkali is added, the salt, ordinary congo-red dye, is produced, and this, as 
shown above, exists in solution in single molecules with high osmotic pressure. 

The fact that, as an electrolyte is added in stages, pausing sufficiently long 
between each addition to allow equilibrium to be established, there is 
a definite osmotic pressure for each step, so tliat a continuous smooth curve is 
obtainefl, shows that the action of a low concentration of electrolyte must be 
exerted on a part only of the molecules present. For example, it. is not 
every molecule that unites with another one, since, if so, there would be no 
intermediate stages between full and half osmotic pressure. From the fact 
that these stages do exist it follows that a number of molecules are left 
single. The process is analogous to the association which takes place in 
ethyl alcohol when dissolved in benzene, where the apparent molecular 
weight of the alcohol rises from 50 to 208 in regular gradation os the 
concentration rises from 0 494 to 14*63 grammes to 100 of benzene.J This 
can only be explained by the assumption of a steadily increasing number of 
molecules becoming associated with others, while the rest remain free. 

Ultra-microscopic observations of the actions of electrolytes on congo-red, 
'although somewhat difficult to interpret, confirm the results given by measure- 
ments of osmotic pressure A dilute solution, showing only a very few 
scattered bright points, on the addition of a solution of carlwnic acid or a 
natural salt contains a greatly increased number of these bright particles, 
which vaiy considerably in size. In this respect they contrast with the 
particles seen in the colloidal solution of the free acid, which are strikingly 

* Loc, eit, p. 66. 

t See also lillie, * Aiuer. Joum. of Phyeiol,’ vol. 20, pp, 127—169, 1907. 

X Walker, ‘ Introduction to Physical Chemistry,* 4th ed., p, 206, 1907. 
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unifom in size. It appears that the action of an electrolyte is, so to 
speak, selective, leaving some molecules free, while causing others to aggregate* 
into particles, consisting themselves of very different numbers of molecules. 

Faraday showed, more than 50 years ago,^ that the ruby-red solutions of 
gold which he prepared by reduction of gold chloride were suspensions of 
minute jmrticles of metallic gold. He also noticed that the colour of the 
solution became blue under the action of sodium chloride in dilute solution, 
and was precipitated by stronger solutions. Both these effects were absent if 
a small amount of “jelly ” had previously been added to the gold solution. 
Tliis latter protecting action of “stable"’ colloids is now well known, 
forming the basis of Zsigmondy’s “ gold number ” as a characteristic of proteins 
Congo-red behaves, as regards this protection from precipitation by electro- 
lytes when a stable colloid is present, in the same way as the inorganic 
colloids. It may be noted, in passing, that this is a phenomenon usually 
ascribed to surface properties. The dye also is protected from adsorption 
by j)aper, under the influence of electrolytes, when a trace of gelatin is 
presentf It was, therefore, of interest to examine the influence of stable 
colloids on the reduction of osmotic pressure produced by electrolytes. 

Since iny experinients on adsorption above referred to indicated that this 
protective action was greater when the stable colloid had an electric cliarge of 
the same sign as that of the dye, or of opposite sign to that of the precipi- 
tating ion, I chose for the present experiments a dialysed solution of Griibler’s 
serum-albumin, to which a trace of ammonium hydroxide was added in the 
first experiment. The solution in the osmometer contained about 0‘18 j)er 
cent, of the dye and 0*25 per cent, of serum-albumin. When dialysed against 
distilled water, the osmotic pressure rose to 42 mm, of mercury. The water 
was then displaced by a decinormal solution of sodium cliloride. To my 
surprise, the pressure fell to zero in about 14 hours. Moreover, as in the experi- 
ments without stable colloid, it was found that after 14 days’ changes of 
distilled water the pressure could only be brought back to three-quarters of 
its original value, Measurements of the electrical conductivity of the water 
after interchange with the colloidal solution showed that the latter parted 
with its electrolytes very slowly. They were probably held in a state of 
adsorption by the protein as well as by the dye. 

In another experiment I first tested the particular solution of serum- 
albumin used and found that in the proportion of 6 c.c. to 50 c.c. of one- 
thousandth normal congo-red solution, precipitation by one-hundredth 

♦ * Phil. Trans./ vol. 147, 1858 : As to the Nature of the Solutions, see pp. 160 and 172 ; 
Precipitation by Salt, p. 166 ; Protection from Action of Salt by “Jelly/* p. 175. 

+ ^Biodietu. Journ,,* voL 1, p. 201, 1006. 
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normal calcium sulphate was prevented, although in the absence of the 
protein complete precipitation occurred. In order to be quite certain of 
adequate protection, I added 10 c.c. of the albumin solution to 50 c.c. of the 
dye and placed the mixture in a Schleicher and Schiill diffusion thimble of 
parchment-paper tied on to a glass tube fitted with a cork and a long 
narrow tube to act as manometer. Tins was x»laccd in water contained in a 
largo test-tube and then immersed in a thermostat at 30°'7 C. The osmotic 
pressure rose to 200 mm. of water in the course of 30 hours, being 94 per 
cent, of the theoretical value. Calcium sulphate in one-hundredth normal 
solution was then put into the outer tube instead of the water. In about 
24 hours the pressure had fallen to 60 mm. and no further fall took place. 
In this case a certain jirotection was shown, since, without the albumin, the 
pressure would have gone down nearly to zero. 

The apparent disagreement between the results of osmotic pressure 
measurements and the naked eye appearances are, 1 think, to be explained 
in the following way. When the contents of the osmometer in the last 
experiment were poured into a glass vessel and observed carefully, it was 
obvious that, although no precipitation had taken place, the solution was 
distinctly more turbid than a similar one to which no calcium sulphate had 
been added. On examination under the ultra-microscope, the former was 
resolvable into a multitude of distinct, bat not brilliant, particles; whereas 
solutions of congo-red itself, as already shown, are not resolvable. It is 
clear, therefore, that a certain degree of aggregation had in reality taken 
place, although the particles formed are much smaller than those formed 
when calcium sulphate acts upon congo-red in the absence of a protecting 
colloid. In this latter case, they are large enough to fall as a precipitate. 
The actual values of the osmotic pressure observed, 200 mm. and 50 nun., 
show that, under the conditions of this experiment, aggregates of four 
molecules are formed. It appears that, so far as congo-red is concerned, the 
mode of action of a stable colloid is to form, under the influence of an 
electrolyte, a colloidal complex with the dye, which complex, although 
consisting of several molecules and therefore, when formed, causing a large 
fall in the osmotic pressure of the solution, is yet in particles sufficiently 
minute not to fall as a precipitate. The reason why the aggregates formed 
are small is, no doubt, connected with the lowering of surface-tension caused 
by the protein. It is to be noted that, unless the solution of dye -f- albumin 
+ electrolyte bad been compared with a similar solution without the 
electrolyte, it would have been supposed that complete protection from 
the action of the electrolyte had been brought about, since no true precipi- 
tation occurs. 
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Results similar to the above have been obtained in the case of arsenious 
sulphide, aggregation without precipitation also occurs here. In order that 
the albumin shall be efficient as a protecting colloid it is necessary that it be 
of the same sign as regards its electric cliarge as the arsenious sulphide, 
that is, electro-negative ; if electro-positive, it tends to aid the action of 
the electrolyte. 

I am unable, at present, to state definitely whether the same con- 
siderations apply to the action of electrolytes and stable colloids on gold 
hydrosols, the “ gold number ” in fact. I cannot make out any difference in 
the appearances under the ultra-microscope of mixtures of gold hydrosols 
and serum-albumin, with and without calcium sulphate. To the naked eye, 
there is perhaps a alight tendency to a more purple colour in the case of the 
former, but nothing approaching the blue of the mixture of gold and 
electrolyte in the absence of the albumin. The ultra-microscope shows also 
that the particles in the blue solution are larger and less numerous than in 
the ruby-coloured ones. It is possible that complexes of gold particles and 
protective colloid, of the kind described by Zsigmondy,* may bo formed 
without change of colour of the gold. The whole series of phenomena in 
these cases of protection are of much complexity and in need of further 
investigation. 

It is sorftewhat remarkable that congo-red is the only dye which I have 
been able to make use of which shows this combination of non-diff^jsibility 
through parchment-paper with existence of single molecules in solution. 
The greater number pass through parchment-paper with more or less 
rapidity, although showing many colloidal properties, so that no permanent 
osmotic pressure can be obtained. Aniline-blue, with a molecular weight of 
734, does not pass through. A solution containing 0*266 per cent, gave an 
osmotic pressure of 30*4 mm, Hg instead of the theoretical one of 
68*8 mm, Hg, indicating a mean “ solution-aggregate ” of two molecules. It 
must be stated, however, that this solution was apparently not free h'om 
electrolyte, since, although when the experiment ceased no further permanent 
rise in osmotic pressure was produced by change of water, there was still 
a certain amount of initial osmosis.” The displaced water, also, showed 
a fairly high conductivity, 40 gemmhos, which did not diminish during the 
last five days. This outer solution was always stained faintly blue, due, as I 
shall show in another paper, to dissociation of the dye and permeability of 
the membrane to the products of this dissociation. In a similar way, the 
dialysate of congo-red is very faintly red. In the \iltra-miorosoope the 
appearance of the solution removed from the osmometer was very like that 
* *Zur Erkenntnw der Kolloide,’ p, 116, Ji^na, 1905. 
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of congo-red, as described above ; a faint haze, with bright particles here 
and there, these bright points being much more numerous than in congo-red. 
I am inclined, therefore, to attribute the low osmotic pressure found to 
incomplete removal of electrolytes, the solution really being one of single 
molecules, hut, owing to the electrolytes, a large number of these are 
aggregated to particles, the rest being single. 

The free acid of congo-red, as already stated, forms a deep blue colloidal 
solution, with comparatively large particles, easily resolved bv the ultra- 
jnic rose ope. These particles are of a very nearly uniform size. In view of 
the debated question as to the Source of osmotic pressure, it is of interest to 
see whether an unquestionable suspension, such as this is, has an appreciable 
osmotic pressure and, at the same time, to determine the number of particles 
present in unit volume. Since, as shown above, the salts of this acid have 
so considerable an osmotic pressure, while that of the particles of the acid 
would probably only be small, it is obviously of the greatest importance to 
ensure the absence of traces of alkali, whether in the water used or from 
glass vessels. The apparatus shown diagrammatically in fig, 2 was devised 
for this purpose. It will probably be found of use in the investigation of 
other colloids sensitive to traces of electrolytes, such as arsenious sulphide. 
All the tubes in contact with the fluids in the osmometer are of quartz and 
the containing vessel of glass is thickly coated with paraffin irtsido. The 
membrane is a Schleicher and Schiill parchment-paper thimble, as used by 
Waymouth Eeid and by Hufner. It is necessary to test these thimbles very 
camfully for holes and, for my purpose, to extract thoroughly before use 
with hydrochloric acid and distilled water to remove soluble salts. In future 
experiments it woixld perhaps be better to use membranes of collodion. 

The distilled water must be carefully prepared. I found it best to distil 
tap water (New River) after adding potassium permanganate and sulphuric 
acid, and again after the addition of barium hydroxide. When essential to 
exclude carbon dioxide entirely, the water from the quartz condenser drops 
directly into the osmometer, as shown in the figure. 

In an actual experiment with congo-i‘ed acid, the outer water was at first 
made acid with hydrochloric acid to ensure the absence of any salt of congo- 
red in the contents of the osmometer. The solution in the inside had b^n 
dialysed for a long time against distilled water. The concentration at the 
end of the experiment was 0*465 per cent, of the free acid. At the beginning 
of the experiment no measurable osmotic pressure was obtained ; the acid 
was in the form of a precipitate, due to the presence of hydrochloric acid. 
Distilled water, from potassium permanganate and sulphuric acid, was then 
allowed to flow from the condenser, gradually displacing the hydrochloric 
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axjid. It is interesting to note that the osmotic pressure rose distinctly, 
while the outflowing water still gave reactions with silver nitrate and with 



Fig. 2. 


a, Tube on to which the parchment-paper thimble k tied. This tube has h side branch, 
connected by a short piece of rubber tubing to 6, and thus, when the clip on the 
tubing ia released, the inner and outer chambers are put in connection. This is of 
importance to control the zero point 

c, Narrow bore tube, serving as nmnometer. c?, Outlet tube from outer chaml>er. 
e, Tube conducting water from the quartz condenser,/. 

Flask to collect the outflowing water, apart from contact with the atmosphei'e. 
hf Tower containing dilute sulphuric acid. it, Sodadime tower. 

Flask for boiling water. m, Trap to collect spray. Glass wool. 

0 , Outlet for water condensed in m. 

The containing vessel is thickly coated with paraffin and kept in a thermostat. The 
tubes a, c, rf, s, and /are of quartz. 

Gtlnzberg’s test, and, in fact, the pressure had risen to 60 mm. of water when 
60 C.C. of the water neutralised 1'4 c.o. of decinormal ammonia. The distilled 
water, ooutaining carbonic acid but no basic substance, was run in at intervals 
VOU LXXXh— B. X 
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of 24 hours until no further rise in the osmotic pressure took place. The 
value attained was 01 xum. of water, or 6*8 nim. Hg at 30°‘9 C, There seems 
no possibility whatever of the presence of a salt of the dye in the above con- 
ditions. In any case, there was a fairly large pressure when free hydrochloric 
acid was detected in the outer fluid. A further reason for denying tlie 
presence of alkaline bodies in the w'ater used is that, if this hod been so, the 
pressure would have continued to rise as long as fresh water was run in, 
until finally the great pressure of the salts of congo-red would have been 
reached and the contents of the osmometer converted entirely into the salt. 

The concluaioTi must be that a definite osmotic pressure caji bo exerted by 
a solution consisting of an undoubted suspension of particles, resolvable under 
the ultra-microscope. When water distilled from over barium hydroxide was 
run in, there was not mucli further rise in the osmotic pressure, the maximum 
being only a few millimetres higher. It api)ears, therefore, that this colloid 
is not particularly sensitive to traces of free acid. 

If now we proceed to calculate, from the concentration of sucii a colloidal 
solution as that of the above experiment, what the osmotic pressure should be 
if the dye were present in single molecules, we find that it is 20 times that 
actually found. Assuming for the present that the kinetic theory of the 
osmotic pressure of colloids is correct, this means that the average number of 
molecules forming a colloidal particle of the free acid of congo-red is 20. 

This being so, and the sepaiate particles being easily seen in the ultra- 
microscope, it seemed to be a point of interest to attempt to estimate the 
dimensions of the particles in the manner described by Siedentopf and 
Zsigmondy.’’^ For this purpose a part of the contents of the osmometer 
at the end of the experiment was diluted 1300 times, so that the particles ’ 
might be sufficiently far apart to be counted. This counting was somewhat 
difficult, owing to the rapid movement of the particles. The mean of 
a number of determinations was between 8 and 9 in a volume of 
56 X 10"* cubic millimetre. The undiluted solution, therefore, contained 
2 X 10^^ in 1 c.c. There is, however, a possibility not to be lost sight of.- 
As I shall show in a later paper, this acid of congo-red appears to be very 
slightly soluble in water at 100®, in true solution, ionised. Although the 
amount dissolved at room temperature is infinitesimal, it. may be sufficient 
to vitiate conclusions drawn from solutions necessarily very dilute. Accord- 
ingly, I have made determinations, sinular to the above, with solutions of 
one and a-half and of twice the dilution of that one. The three values are 
placed together in the table for comparison. It will be seen that the values 
are, within the limits of error, proportional to the dilution. 

^ ‘ Drude'8 Ann./ vol. 10, pp. 17, 21, and 22, 1903. 
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Dilution ( « number of 
ooniaining 

I gramme). 

Number of partiolea 
in 1 c.c. 

280 

14 -16 X 10? 

420 

10 ‘7- 12 *5 X 10? 

660 

8 *9 X 10? 


Now, tho total weight jiresent iii 1 e.c. of the original solution ia 
4*65 milligramtnes, so tluit the weight of each particle is 
4*65 


2 X IQii 


— 2*3 X 10“^^ milligramme. 


Furthei*, the specific gravity of the solid acid is 1*46, determined hy 
weighing under toluene in a pyknometer.* Hence, the diameter of each 
particle is 310 

We may, perhaps, go even further still. According to the osmotic pressure 
measurements and assuming the kinetic origin of this pressure, each particle 
contains on the average some 20 molecules ; so that, if this theory be 
correct, we ought to he able to obtain an approximate value for the molecular 
dimensions of this body. When calculated from the data given, the weight 
of a molecijle of congo-red acid comes out to be 

riG X milligramme, 

or nearly 10® times that of hydrogemf And the diameter 

111 fifi. 


The molecular weight being 652 372, the number of molecules contained in 
1 gramme-molecule comes out as 


652*372 

1*16 X 10-1^^ 


6*6 X 


The number of molecules in a gramme-molecule of a perfect gas is usually 
estimated at about 

6 X 10 ®« : 

Considering tlic many sources of error, the result obtained for the 
molecular dimensions of our colloid does not seem very far out. This being 
so, the hypothesis of the kinetic origin of osmotic pressure is, so far,, 
supported* 

The chief difficulty in the estimation of the number of particles under the 
ultra-microscope is, in the case before us, the lively movements which they 

♦ Ostwald-Luther, ^Phys.-Chera. Mess.,’ 2to Aufi., p. 147, 1902. 

f Walker, < Introd. to Phys. Cliem./ 4th od., p. 217. 

J See Perrin, ‘Comptea ^ndus,* vol. 147, p. 631, 1908. 

X 2 
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manifest In order to stop this movement, I mixed a part of the diluted 
solution, as used for the previous measurements, with an equal volume of a 
2-per-cent, solution of gelatin, warmed just sufficiently to liquefy it. This 
method was used by J. Duclaux * in his investigations of ferric hydroxide. 
Although the gelatin used by me had been soaked in repeated changes of 
toluene-water, it retained a certain amount of its adsorbed electrolytes ; 
so that on adding the blue colloid to it, a distinct change of colour towards 
purple resulted. Although the particles were seen to be immobilised, it 
did not seem wortli while to proceed further with the laborious deter- 
minations, since the change of colour indicated a change in the colloid. ^ 

The determinations of molecular dimonsioiis given above are intended to 
show the jx>ssibilities of the method. The exact numerical data are, no 
doubt, capable of correction when a mom satisfactory means of immobilising 
the particles has been found. The values obtained appear high, even for 
a molecule containing 70 atoms, such as the one in question. From 
Zsigmondy’s observations with colloidal gold it would seem that particles of 
these diineusiona should be resolved by the ultra-micro8Coj>e. It is true 
that the impression given to the observer is that the solutions of congo-red 
are just on the limit. Moreover, the fact that molecules of congo-red are 
unable to pass through parchment-paper shows tliat they far exceed in 
dimensions those of crystalloid bodies.! 

Further experiments are in progiess, as also others in the manner of those 
of Perrint with suspensions of gamboge. It would be premature to draw 
conclusions from the results of the preceding pages as to whether the 
particles as wholes are responsible for the osmotic pressure, or whether only 
a part of each one, such as adsorbed ions, alone is active in this respect. 
So much may be said, that my observations speak decidedly in favour of the 
kinetic theory of the osmotic pressure of colloids. According to this theory 
the ** Brownian movement ” of the particles corresponds to the molecular 
movement assumed in the kinetic theory of gases. 

Important recent confirmation of this view is to be found in the experi- 
ments of Perrin already alluded to, which show that the kinetic energy of 
a colloidal particle is identical with that of a molecule. This observer shows 
that, if we take the number of molecules contained in one* gramme-molecule 
of a perfect gas to be 

6or7xl0*», 

* ‘Oompte# Eendug,* vol 147, pp. 131—138, 1908. 

t As regards sise of porse in parohment-paper, see Bechhold, * Zeit, f. Phys, €h«aV 
vol. 64, pp. 320—348, 1908. 

t ‘Comptes Bendas; voL 146, pp. 967—970, and vol, 147, pp, 680—638, 1908. 
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as given by the kinetic theory, the osmotic pressure of a solution containing 
n molecules i>er unit vojume is 

X 40 X 10“^* atmos. 

When deduced from the rate of fall of the particles in a gamboge suspen- 
sion, assuming Stokes' formula to apply, and taking n to refer to particles, 
the osmotic pressure works out to be 

n X 36 X 10*“^^’ atmos. 

When deduced from the distribution of particles in a vertical column, after 
attainment of equilibrium, the formula becomes 

« X 42 X 10“^^ atmos. 

From my observations, determining the couccutration of })articles by direct 
enumeration under the ultra-microscope, the formula becomes ♦ 

7k> x44x 10“^® atmos. 

Such close approximations to the theoretical value must bo more than mere 
coincidence. 

Kamsay and Senter* also concluded, from experiments on the density of 
arsenious sulphide solution taken by <lifferent methods, that the particles 
behave as if in true solution. 

On the*other hand, it is evident that my experiments lend no support to 
the theory according to which the osmotic pressui'e of a colloidal solution is 
due, in some way not very clear, to ions associated with the colloidal 
particles. It is difficult to unden^tand how these ions can still exert their 
osmotic pressure when forming part of a complex system, which must move 
and act as a whole. This much may be said, congo-red gives an osmotic 
pressure which is at its highest when foreign electrolytes are most effectively 
excluded. This must l>e understood as in no way excluding, as the ultimate 
source of the negative charge, electrolytic dissociation of the colloid itself. 

It is vory doubtful whether electrolytes in the state of adsorption are 
ionised at all. Ruerf finds tliat the chlorine present in colloidal zirconium 
hydroxide gives no reaction with silver nitrate. Similarly in the case of 
ferric hydroxide, the chlorine can only bo detected after destruction of the 
colloid by nitric acid. 

The general conclusion to l)e drawn is, I think, that whether a body 
present in solution be in the form of particles, molecules or ions, each of 

* B. A* Reports, 1001. In 1905 (‘ Joum. Phya. Chem.,* vol 9, p. 310) Senter also made 
the snggeetion that Brownian movement in coUoids is equivalent to molecular movement 
in true solutions. 

+ ^Zeita, £, Anor . Chem,,’ vol. 43, pp. 83-~-93, 1006, 
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theae acts as au individual and equivalent element in the production of 
osmotic pressure. 

Summary, 

Congo-red, although a colloid in the sense of not being diffusible through 
parchment-paper and exhibiting certain otlier colloidal properties, has an 
osmotic pressure equal to that which would be given if it were present in 
true solution in single molecules. 

The solutions are not resolvable into particles by the ultra-microscope. 

The theoretical osmotic pressure is only to be obtained in the complete 
absence of extraneous electrolytes. Even the carbonic acid present in 
ordinary distilled water is sufficient to cause a marked fall in the osmotic 
pressure. 

The manner in which electrolytes produce this fall is by causing aggrega* 
tion of molecules to particles. This is the same whether acid, alkali, or 
neutral salt be in question. 

The action of a stable colloid in protecting against the effect of electrolytes 
is shown to consist, in the cases of congo-red and arsenious sulphide, in the 
production of minute aggregates, which, although causing fall in osmotic 
pressure by diminution of effective concentration, are not of sufficient size to 
precipitate. Hence the protective power can only be I'egarded as. a limited 
one, due probably to the formation of complex colloids. 

The free acid of congo-red forms a blue colloidal solution when dialysed. 
This is easily resolvable under the ultra-microscope, but gives a definite and 
measurable, though small, osmotic pressure, about 14 mm. Hg for a l-per-eent. 
solution. Assuming the kinetic theory to be correct, this means that the 
aggregates contain, on an average, 20 molecules. 

Estimation of molecular dimensions are given on the basis of enumef-ation 
of the number of particles in unit volume by means of the ultra-microscope. 
The values found are considerably larger than the accepted ones for water, etc. 

The whole of the results are capable of explanation on the assumption that 
colloidal particles possess the kinetic energy of molecules, but do not lend 
support to any view which postulates the necessary presence of foreign 
electrolytes. 

(The expenses were defrayed by a grant from the Government Grant 
Committee of the Eoyal Society.) 
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Legumiwyus Plants, 

By W. B. Bottomley, M.A„ Professor of Botany in King's College, London. 

(Communicated by Prof, J, Eeynolds Green, F.E.S. Received April 20, — Read 

May 6, 1909.) 

During the course of an investigation on “The Cross-inoculation of the 
nodule-forming bacteria from Leguminous and non-l^guminous plants,”* it 
was noticed that in all the bacterial cultures prepared from the algal zone of 
the root-tubercles of oycads taken from below the surface of the soil, 
Pseudomonas radicimla was associated with a species of Azotolnxcter, 

In order to determine to what extent, if any, tliis association gave an 
increased powder of assimilating free nitrogen, the two forms were obtained as 
pure cultures by successive platings on a medium composed of maltose 
20 grammes, monobasic potassium phosphate 0*5 gramme, sodium chloride 
0‘5 gramme, calcium carbonate 0*6 gramme, ferrous sulphate 0*1 gramme, 
agar 15 grammes, and distilled water 1000 c.c, Sei)arate cultures of each 
and a mixed culture were then grown in fluid media in duplicate 500 c.c. 
Erleniuoyel' flasks containing 250 c.c. of the above medium, omitting the 
agar but adding 10 grammes of mannite. Control flasks were kept side by 
side with the inoculated flasks. 

All the flasks wei*e incubated at 24® C. for 15 days, care being taken to 
renew the air in the flasks at intervals, then a nitrogen determination was 
* made of the contents of each flask. The results of these analyses gave the 
following averages : — 

Control 0*48 milligramme N per 100 c.c. 

Pseudomonas alone 0*91 „ „ 

Psmdo7}ionas^Azotobacter.,, 1*24 „ „ „ 

Hence Psevdomonas and Azotobaeter together make a powerful combination 
for the fixation of free nitrogen. 

The bacteria in the root-tubercles of cycads appear to live imbedded in the 
alime they produce outside the cortical cells in the open spaces of the so-called 
a^al zone. The cortical cells which project into this zone presumably absorb 
the nitrogenous products of the bacterial activity, and thus the cycad is 
benefited. If, therefore, this combination of bacteria omtsidt the cortical 
oells is a direct benefit to the cycas plant, the possibility presented itself that 

* Report British Association, 1907. 
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a mixed culture of Pseudomonas and Azotdbaeter applied directly to the roots 
of other non-leguminous plants might benefit their growth also. 

The first experiments were made on oats {Avena saiiva). Four 5-inch pots 
were filled with sand freed as far as possible from organic matter and nitrates, 
and given a sufficient dressing of phosphates, potash, and lime. Twenty oat 
seeds were planted in each pot, and as soon as the young plemts were about 
1 inch high two of the pots were watered with a mixed culture of Psevdo- 
motwo and Azotohacter grown in the previously mentioned medium. The 
plants were watered regularly with distilled water and allowed to grow until 
the untreated plants exhibited signs of drooping. Each plant was then 
carefully air dried and weighed, with the following result : — 


Untreated, average weight per plant 0‘42 gramme 

Treated 0’74 „ 


an increase of 0 32 gramme, or 76 per cent. 

In 1908, field experiments were made on barley. Two plots, each having 
an area of 484 square yards, were planted, one with seed moistened with the 
mixed culture, the other with seed untreated. The land was very poor and 
low in organic nitrogen, having carried oats in 1906 and barley in 1907. The 
yield of grain per plot at harvest was : — 

Untreated 608 lb. 

Treated 691 „ 

an increase of 83 lb., or 13'6 per cent. 

On the same farm a strip of land was sown with treated seed through the 
centre of a 34-acre barley field. It was found impossible at harvest to keep 
the yield of treated seed separate from the rest, but samples of grain from the 
treated and untreated parts were taken and analysed, and it was found that 
the barley from the treated seed had the higher nitrogen-content. 

Milligrammes Weight of Milligramme 
of N per cent. 1000 corns. N per com. 

Untreated 1-55 48*5 0'76 

Treated 1-76 49-6 087 

Experiments on hyacinths (OaUonvt candicans) grown iti sandy soil. The 
soil was dressed with lime in August, 1907, and remained fallow until April, 
1908, when it was manured with cow manure — 10 tons to the acre. Bulbs 
of equal size were then planted, 250 in each bed, a path of 14 inches dividing 
the two beds. The treated bulbs were twice watered with mixed culture 
solution, once in May and once in June, the coutool bed being watered with 
pure water at the same time. The difference between the treated and 
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untreated bulbs was very noticeable during growth, the treated being more 
vigorous, The treated bulbs, when lifted, were noticeably larger than the 
untreated. After the bulbs were dry they were cai^fully weighed, and 
yielded 

Untreated 69 lb. 3 oz. 

Treated 82 „ „ 

an increase of 12 lb. 14J oz., or 18*6 per cent. 

Exjwjriments on parsnips grown in ordinary garden soil. In January, 
1908, the ground was deeply dug and given a medium dressing of London 
dung followed by a dressing of powdered chalk. ’ The seeds were sown early 
in February in rows running north and south. A fortnight after tlie north 
half of each row was watered with a mixed culture of Fsemlomonds and 
Azotobacter, In January, 1909, the roots were harvested, root being 
weighed, with the following results : — 

Untreated 68 roots 22 lb. 14 oz. 5*38 oz., average per root 

Treated 65 „ 26 „ 10 „ 6*55 „ „ 

an increase of 21*7 per cent. 

For the fixation of free nitrogen in laboratory cultures of Psmdomonas 
and Azotobacter the presence of carbonate of lime in tl^e medium is necessary. 
In aU the above experiments care was taken that a sufficiency of carbonate 
of lime was present in the soil to enable the bacteria to do their work 
effectively. 
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The Intracranial Vascular System of Sphenodon. 

By Arthur Dbndy, F.R.S. 

(Received March 30, — Read April 22, 1909.) 

(Abstract.) 

This memoir contains a detailed description, with illustrations, of the 
intracranial blood-vessels of the Tuaiara, of which no accotuit has hitherto 
been published. The description is believed to be more complete than any 
hitherto given for any reptile, and a considerable number of vessels are 
described which have not hitherto been noted in Lacertilia. This compara- 
tive completeness of detail is largely due to the employment of a special 
method of investigation. By this method the entire contents of the cranial 
cavity are fixed and hardened in situ, and are then in excellent condition 
either for dissection or for histological purposes. The brain does not occupy 
nearly the whole of the cranial cavity, there being a very large subdural space 
(especially above the brain), across which many of the blood-vessels run, 
together with delicate strands of connective tissue which connect the dui'a 
mater with the pia. The eyeballs are removed and an incision is made on 
each side in the cartilaginous wall which separates the cranial cavfty from the 
orbit. Acetic bichromate of jiotash (made up according to the formula given 
by Bolles Lee) is injected into the cranial cavity through these incisions, and 
the entire animal, after opening the body cavity, is suspended in a large 
volume of the same fluid for about five days, and then graded up to 70 per 
cent, alcohol. When the cranial cavity is now opened up the cerebral vessels 
are seen with extraordinary distinctness, although they have not been arti- 
ficially injecteth 

Further details were made out by means of Wial sections, both transverse 
and longitudinal, and both of the adult and of advanced embryos (Stage S). 
In most respects the arrangement of the intracranial blood-vessels agrees 
with that found in the Lacertilia, so far as these have been investigated, but 
there is an important difference in the fact that the posterior cephalic 
vein leaves the cranial cavity tlirough the foramen jUgulare and not 
through the foramen magnum, while a slightly more primitive condition 
is shown in the less complete union of the right and left halves of 
the basilar ai‘tery. Sphenodm noakes some approach to the condition 
of the ChAmvi in this latter respect, but differs conspicuously from 
this group in the fact that ike circle of Willis is not completed 
anteriorly, as well as in the fact that no branch of the posterior cephalkt 
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veiu leaves the cranial cavity through the foramen magnum. A very 
characteristic featoe of Sphenodon is the development of large transverse 
einuses resembling those of the crocodile, but these communicate with the 
extracranial vascular system in quite a different manner from that described 
by Rathke in the latter animal. 


The Variations in the Pressure and Co^nposition of the Blood in 
Cholera ; and their Bearing on the Success of Hypertonic 
Saline Transfusion in its Treatment. 

By Leonard Rogers, M.D., F.E.C.R, F.R,C.S., Professor of Pathology, 

Calcutta, 

(Communicated by Sir T. Lauder Brunton, Bart., F.R.S. Received 
December 4, 1908, — Read January 28, 1909.) 

Buriug the quarter of a century which has elapsed since tlie discovery by 
Prof. Koch of the comma bacillus of cholera, research work has been almost 
confined to flie bacteriology of the subject. Unfortunately, with the exception 
of M. Haffkine's prophylactic inoculations, which are now very little used 
even in India, this line of work has done little or nothing to help the 
practitioner who is confronted with the treatment of this terrible disease. Ko 
powerful antitoxic serum of practical value has been produced, and even if 
%uch should still l>e obtained, many patients come under treatment in such a 
•state of collapse that no medicine can be absorted, even if retained. 

The old controversy between the evacuant and conservative methods of 
treatment has long since ended in the practically universal adoption of the 
latter, although as late as 1866 Dr. George Johnson advocated castor oil, 
denying that there was any relationship between the amount of fluid lost from 
the body and tlie mortality, while he strenuously opposed the use of 
intravenous saline in^ieotioiis to replace it. There is still much difference of 
opinion about the latter treatment, for although all who have used transfusions 
testify to the remarkable immediate improvement in the pulse and general 
opndition>yet this is commonly of such brief duration that many think it only 
^vee to needlessly prolong the agony of the patient, so that of recent years 
it has been only exceptionally I'esorted to in India. 

For a long time I have been investigating the blood changes in cholera (1), in 
the hope of finding some indication for a more rational and successful line of 
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treatment, than the mere administration of more or less useful drugs, into a 
gastro-intestinal tract, which is too congested to retain any appreciable powers 
of absolution. The great loss of fluid from the blood was shown by marked 
increase of the number of red corpuscles per cubic millimotre, which 
sometimes rose from 6,000,000 to over 8,000,000, while, like others, I found 
leuoocytosis to be constantly present, and when of a marked degree to be of 
bad prognostic value. Difterential counts sliowed a great decrease of the 
lymphocytes, corresponding with their accumulation in the lymphoid tissue of 
the alimentary tract, while the large mononuclears were markedly increased, 
both relatively and absolutely, this change being in proportion to the 
mortality, indicating its probable relationship to some specific toxin of the 
disease. These changes were often of great value in the difficult diagnosis of 
cholera from ptomaine poisoning, as I have not found them in the latter 
affection. 

More recently I have studied the blood-pressure in cholera as an indication 
for the necessity of transfusion and the quantities to be injected. My first 
experiments in this line were carried out in conjunction with Captain 
J. W. D. Megaw, I.M.S. (2), who was in charge of the cholera patients at the 
Calcutta Medical College, normal saline solution (1 drachm to the pint) 
being used in accordance with the general custom. The patients were nearly 
all natives of India, whoso normal blood-pressure averages * only about 
100 mm., being thus considerably lower than that of Europeans, In cholera, 
the pressure was rarely over 60 mm. on the admission of the patients, while 
in many it was too low to be estimated in the radial artery, owing to absence 
of any pulse at the wrist. ' We found that 1 pint of saline solution injected 
into a vein usually had vary little effect in raising it, but a second pint* 
generally increased it to 90 mm. or more. The immediate effects of this 
treatment were little short of marvellous. The terrible restlessness and 
cramps disappeared, and the worn out patient often fell asleep befoi*e its 
completion. The pulse was fully restored, and the blueness and coldness 
were replaced by the normal pink hue of the lips and nails and warmth of the 
extremities. A few impi*oved steadily from tliat time, but only too frequently 
within 2 to 12 hours the copious rice water stools and vomiting recurred, and 
the patient relapsed into as bad a condition as before, with complete loss of 
the improvement in the blood-pressure. Repeated transfusions usually failed 
to save such patients, and , although the mortality did show some reduction 
during the year Captain Megaw continued them, yet the disappointments 
were so many that the method soon came to be adopted only in a few 
desperate oases, and was eventually almost entirely abandoned once more, as 
it had been by so many earlier enthusiasts. 
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On thinking over the causes of this comparative failure, the following 
possible explanation occurred to mo. The great loss of fluid through the 
stomach and bowels produces a concentration of the blood, which might be 
expected to increase the proportion of salts it contains* and therefore present 
a greater osmotic resistance to further draining off of fluid through the 
damaged intestinal mucous membrane. Thus, a conservative process, tending 
to check the diarrha^a, would come into action, which would be interfered 
with by the injection into the blood stream of large quantities of normal salt 
solution of lower salt content than the now concentrated hy|>ertonio blood- 
serum. The drain through the bowel would therefore be restarted, and the 
restored fluid and blood-pressure rapidly lost again, as is so commonly seen in 
actual practice. If this view is correct, the indication would be to inject 
hypertonic salt solutions, so as to supply sutficient fluid to restore the 
circulation, and at tlie same time maintain the conservative beneficial 
hypertonicity of the blood, which would tend to carry more fluid into the 
circulation, instead of removing it through the damaged bowel wall. In 1907 
I had an opportunity of discussing this point with both Sir Lauder Brunton, 
TJart., F.R.S., and Prof. Buckmaster, who were of the opinion that moderately 
nypertonic salt solutions might safely be injected intravenously. 

The unusually great prevalence of cholera during the first half of 1908 in 
Calcutta furnished abundant opportunities for testing the value of intravenous 
transfusions of hypertonic salt solutions, for a trial of which I am greatly 
indebted to Captain Maxwell Mackelvie, LM.S., who had in the meantime 
succeeded to the charge of the cholera wards. At first, 0‘95-per-cent, sodium 
chloride solution was tried, and, as the results appeai’ed to be distinctly 
more favourable than with the previously used 0’65-per-oent. one, it was soon 
raised to 1*35, or 2 drachms to the pint. The quantities injected were also 
raised by Captain Mackelvie to 3 or 4 pints at a time. In a note (3) published 
in the ‘Indian Medical Gazette' in May, 1908, we recorded the results in 
72 consecutive cases, in which transfusion with the above strength was used 
in all who required it, with a mortality of only 27*8 per cent., as compared 
with an average during the five years preceding the revival of transfusion at 
hospital of 61*2 per cent. Moreover, at a neighbouring hospital, during 
the same period as our oases were treated, the mortality wus just twice as 
great, intravenous injections not being used there, although their previous 
niortality during a series of years was practically the same as at the Medical 
College Hospital, namely) 63 against 61 per cent. At the present time our 
cases number 175, with a death-rate of 33 per cent., including moribund and 
ocmplicated ones, which is but a very little over half that of the pre- 
trauefusion period, although the mortality is always exceptionally high in 
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such epidemic years as the present one, and the patients were frequently too 
numerous to allow of as many being transfused as we should have liked. 
Very favourable reports have also reached mo from two other medical officers 
who have tried hypertonic solutions in cholera. 

During the last few months I have made a number of observations on the 
blood changes before and after transfusion in cholera, which appear to furnish 
a rational basis for the regular use of largo hypertonic transfusions in the 
treatment of the disease, and propose to deal with them in the present 
communication. The data have all been tabulated for convenience of 
reference. 

The Relationship of the Amount of Fluid lost from the Blood in Cholera to the 
Degree of Collapi^ and the Death-rate. 

As has been pointed out by Macnamara, Wall, and others, the amount of 
the watery evacuations in cholera will not furnish accurate data for estimating 
the degree to which tlie blood is drained of fluid, for the very rapid escape of 
2 or 3 pints will have a far greater effect on the circulation than much 
more considerable loss spread over a longer time. Thus, in tlie so-called 
cholera sicca, in which death takes place without actual diarrhoea, the small 
intestines always contain several pints of liquid, the rapid draining of which 
from the blood has caused fatal circulatory failure. In order to ascertain the 
real loss of fluid from tlie blood in cholera, and the effects of various quantities 
of intravenous saline injections required to replace it, I have taken blood 
immediately before and after transfusion, defibrinated it at once, and 
measured the relative volumes of corpuscles and serum by centrifuging in 
the hiemocrite. As the red corpuscles are not lost to the circulation, but 
only the fluids of the blood, the reduction in the volume of serum can be 
readily calculated, and the actual loss of fluid from the serum of the blood 
estimated from the total volume of the blood in the bocly. According to 
some observations on healthy Bengalis by Captain McCay, the average 

proportions of corpuscles and serum respectively were 45 and 55 per cent,,, 
showing a slightly smaller proportion of corpuscles than in Europeans, 
Assuming that the red corpuscles are not lost from the circulation, the 
diminution in the serum can be calculated by the I'ollowing formula from the 
haemocrite figures. As the percentage volume of corpuscles found is to 
the normal value (46 per cent.), so is the volume of serum found to X, For 
example, if in a case of cholera the volume of corpuscles is 71 per cent, and 
of serum 29 per cent., then as 

71:45::29:X, and X «= 16. 
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That is, out of 55 original volumes of aerum in the normal native blood. only 
16 remain, so the loss is 39 out of 55 volumes, or 71 per cent, of the total 
serum of the blood. In this way the figures given in column 2 have been 
arrived at. Further, taking the total circulating blood as one-thirteenth of 
the body weight (the exact amount is still disputed, but as my figures have 
hut a relative value, this is immaterial in the present instance), I estimate 
the amount of blood in the body of a native of average weight as 6 pints, or 
120 ounces. The percentage of serum being 55, this would give 66 ounces 
of blood serum in the circulation. The percentage loss in a given case 
having been calculated as above, the absolute loss in ounces is easily obtained, 
and the figures are given in column 3 of the table. 

The cases have been subdivided, in accordance with the severity of the 
cases, into the three following classes. Firstly, those examined in the acute 
stage of the disease, which proved fatal from its direct effects. (Four cases 
in which the patients recovered from the collapse stage to flie of late com- 
plications have been omitted, as the deaths were due to such affections as 
dysenteiy and parotid abscess, which afford no indication of the original 
severity of the cholera.) Secondly, those who showed such well-marked 
collapse as to require intravenous transfusion, but ultimately made a good 
recovery. Thirdly, milder, though well-marked, cases of cholera, in which 
transfusion was not necessary. The disease in most of the cases was confirmed 
bacteriologically, although the diagnosis was left to the physician in charge, 
so as to be strictly comparable with earlier series. 

The average loss of fluid from the blood in each class is given in the table, 
and clearly demonstrates that the urgency and fatality of the oases was in 
direct proportion to the diminution in the volume of the blood-serum. !niuB, .. 
among those in which the disease proved directly fatal, the loss of serum 
averaged no less than 64 per cent., or almost two-ihirds, the total loss being 
42 out of 66 ounces. In the second class of recoveries after transfusion there 
was a loss of 52 per cent, of the serum, or 34 ounces, while in the third series 
of recoveries without transfusion the losses averaged only 35 per cent., or 
23'3 ounces. 

The Specific Orcmly of the Blood in Cholera , — ^The above observations 
furnish accurate estimations of the concentration of the bipod due to loss of 
fluid in cholera, and demonstrate a definite relationship between its degree 
and the severity of the disease, while they indicate the necessity of replacing 
the loss in severe cases by some form of transfusion. For clinical purposes, 
however, some simpler method of rapidly ascertaining the required informa- 
tion is essential, especially in Indian hospitals far removed from labocatoiy 
oonvenienoes. An easy, and sufficiently aocurate, way is to estmutbe the 
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specific gravity of the blood by the chloroform and benzene method, or more 
conveniently in a hot climate by Lloyd Jones’ plan of using a series of small 
bottles containing solutions of glycerine in water of different specific 
gravities, into several of which a drop of blood can be placed until the one 
in which it neither sinks nor rises is found I have made a number of 
observations in this manner, and find that in bad cases of cholera the specific 
gravity usually rises over 1070, while in those whicli did not require 
transfusion it only reached up to about 1065, so that a clinically valuable, 
approximate estinmtion of the concentration of the blood in cholera can thus 
be very rapidly obtained at the bedside. Moreover, this test can be repeated 
during transfusion so as to ascertain when the blood has been diluted down 
to its normal point, or better, a little below it, and the quantity of Iluid 
injected can be so regulated. 

The Quantity of Flitul required to replace the Loss in Cholera^ 

Columns 1 and 5 in the table show the percentage volume of serum in the 
blood before and after intravenous transfusion with 1'35 sodium chloride 
solution in the quantities indicated in column 4. The usual amount was 
4 pints, and in several successful cases this quantity was repeated a second 
time. These are larger amounts than are usually recommended for intra- 
venous use in cholera, but have given very good results. Moreover, column 5 
of the table shows that they did not increase the volume of serum very 
materially above the normal level of 66 per cent., while any excess will pass 
rapidly into the greatly drained tissues, and some allowance must be made 
for further losses through the bowel before the disease completely subsides* 
In several cases the blood was found to have again become so concentrated 
by the following day os to necessitate a second injection, with ultimate 
recovery, so that the amounts used wore certainly not excessive. At the 
same time there must be a limit to the quantities that can be rapidly 
administered intravenously at one time, and the fact that in several cases the 
volume of serum was raised to between 65 and 70 per cent, appears to 
indicate that 4 pints is sufficient in most cases. In the very exceptional 
concentration of the blood in case 5, however, even this amount failed to 
increase the serum even to the normal point, the specific gravity after the 
injection being also 1064, or considerably above the normal, and the patient 
uUdm^ely died. 

In the less severe types much fluid can be got into the system by rectal 
^injections, which are of great value. Subcutaneous injections are often used, 
but act much more slowly than intravenous ones in raising the blood- 
and are very liable to be followed by abscess in the low state of 
VOIi.XXX3a~B. y 
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vitality of the tisauee in cholera. I have recently had a simple catmtila 
constructed with circular end sharpened like a cork boier, which can be safely 
passed through the abdominal wall after incising the skin and fascia. By 
this means saline fluid can l>e rapidly run directly into the abdominal cavity, 
and it has been successfully used in a number of cholera cases in one of the 
Calcutta hospitals. It can also be carried out in a much shorter time than 
the more difficult operation of tying a cannula into the collapsed vein of a 
cholera patient, but it takes several hours to be absorbed, so is less efficient 
in urgent cases than the intravenous injections. The hyj)ertonic solutions 
have been found to give tetter results than normal salme by all methods of 
administration. 

The Loss of Chlorides fi'om the Blood in Eclation to Hypertonic Transfusions, 

Edmund Parkes, in 1849, showed that the rice-water stools of cholera 
contain very little albumen, but from i to 1 per cent, of salts, so that for 
every hundred ounces of fluid evacuations from the bowel nearly an otinoe of 
salt is lost from the blood and tissues. The main bulk of the salts consists 
of chlorides, which may be taken as a guide to the amount in the blood at 
any time. Some recent estimations made by me gave an average of 0*53 per 
cent, of chlorides in cholera stools. The vomited matter contains much less 
salt than the bowel discharges, ap^mrently owing to the gastric mucous 
membrane being less involved in the disease processes than the intestinal. 
Different observers have obtained very varying results as regards the 
percentage of salts found in the blood in cholera, some maintaining that 
they are higher, and others lower, than normal, but the observations on this 
point in the very limited literature available in Calcutta were all made naany ' 
years ago. I have, therefore, estimated by the silver nitrate method the 
amount of chlorides in the blood in a number of cases both before and after 
transfusion with the l*35-per-cent, sodium chloride solution. The results are 
shown in columns 9 and 10 of the table. 

Taking first oases 1 — 7, which were fatal in the acute stage, we must tear 
in mind that on the average two-thirds of the fluid had been lost from their 
blood. If only the water hod been removed without any saline constituents, 
then the chlorides should have teen present in three -times the normal 
amounts. The percentage of salts in the blood in Bengalis has been found by 
Captain McCay to be somewhat higher than in Europeans, namely about 
1 per cent., about *0*8 per cent, of which are chlorides. Yet in the fatal 
cholera cases, in spite of the great concentration of the blood, the cblondes 
were below the normal in four out of five, the single exception being a iwy 
old man who died of heart failure. Polly two-thirds of the total ohlorldes ctf 
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the blood must^ therefore, have been lost. In case 5, with only 0*67 per cent, 
of chlorides, the serum showed actual commencing heemolysis, which com- 
pletely disappeared when they had been raised to 0*88 by hypertonic 
transfusion, while similar results have been noted in a few other cases with 
very low salt content. Column 10 shows that a material rise in the 
percentage of chlorides in the blood was obtained by transfusion of 3 to 4 pints 
of 1'35-per-cent, sodium chloride solution, but the average amount after it 
was still only 0*95 per cent. 

On turning to the recovering cases 8 to 24, we find the average percentage 
of chlorides in the blood before transfusion was 0*90, or considerably higher 
than in the fatal series, and the same remark applies to the figures obtained 
after transfusion, when the average was 1*07 per cent. Moreover, in cases 10 
and 16, which showed a low amount of chlorides after the injection, the 
dise6ise was very severe, and in one a second transfusion was necessary to 
save the patient. It will be observed that several of the cases, which 
recovered after the injections, showed very low chlorides in the blood at the 
first estimation, but when they were raised to about 1 per cent, or over by 
the hypertonic solutions, the patients almost invariably did well as far as the 
coUapse stage of the disease was concerned, which is the most dangerous 
period in cholera. 

Another* striking feature was the far less tendency of the hypertonic 
solutions to restart the copious rice-water stools, which so commonly renders 
the use of normal salines of such very temporary value. It is not too much 
to say that at the Medical College Hospital, where cholera patients are 
usually brought in an advanced stage of collapse, the simple substitution of 
2 drachms of salt to the pint instead of one, for transfusion, Ims so 
revolutionised the treatment, that, whereas foraierly it was considered a 
matter for surprise when a severe case of cholera recovered, it is now^ a great 
disappointment when such a case is lost in the collapse stage. 

The Coagidalrility of tlve Blood in Cholera. 

A few observations on the clotting power of the blood have been made by 
Sir Almroth Wright’s method. The results wei'e very variable, the time 
being normal in some, slightly reduced in most, and very markedly in a few. 
It is noteworthy that in several of the worst cases, with a specially low 
percentage of chlorides, blood taken in glass tubes remained quite uncoagu- 
lated after several hours, and in one such case there were hiemorrhagic stools, 
found mortem to be dependent on extensive petechial heeiaorrhages in 
the osaoum. After transfusion with hypertonic solutions the blood in such 
cases clotted firmly and gave a clear serum. lu view, however, of the 

Y 2 
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frequency of reduction of the clotting power of the Wood in cholera, I now 
add 3 grains of calcium chloride to each pint of salt solution, and have seen 
no htemorrhagic stools in the few cases since treated. 

Strenyih of the Hypertonic Solutions. 

In a few cases, 1-65-per-cent, solution (2^ drachms to the pint) were used 
with good results, but as the 1-35 per cent, has proved successful in so 
many cases, and, moreover, suffices to raise the chlorides in the blood well 
above the normal, it is recommended for routine use. The higher strength 
may bo reserved for second transfusions in very severe cases, or when the 
lower strength has not increased the percentage of chlorides in the blood 
to the desired point of 1 per cent, or over, and especially if watery diarrhoea 
continues. We have never seen any harm from running these solutions 
rapidly into a vein in cholera, 4 pints having frequently been administered 
in 20 minutes. The specific gravity of the 1-35 solution is 1006, and of 1-65 is 
1008, a knowledge of which allows the strength of the solution to lie rapidly 
verified. 

Effects of Inirmerwim Saline Injections on the Blood-pressure. 

The blood-pressures immediately liefore and after transfusions are shown 
in columns 6 and 7 of the table. Nil means that there was absolutely 
no pulse at the wrist, so it could not be recorded in the radial ar&ry, whiclr 
was the site of the other observations. It usually required about three pints 
to raise the blood-pressure to 100 mm., which is the normal for Hindus. 
Experience showed that the best results were obtained by continuing the 
injections until the pressure rose somewhat above that point, for which 
purpose 4 pints were generally necessary, and allow some reserve. In 
some of the worst cases it was impossible to get it above 80 mm., as in 
numbers 1 and 2 in the table, for it remained at that point in spite of another 
pint being run in. One instance was met with in which even 6^ pints failed 
to raise the pressure above 65 mm. In such there appears to be some 
vasomotor paralysis present, possibly due to absorption of albumoses through 
the damaged intestinal mucous membrane. Adrenalin forces up the pressure 
in them, but its effects are only very temporary, as I formerly found it to be in 
the vasomotor paralysis of viperine snake poisons (4). The blood-pressure, tben» 
is a valuable guide to the amount of saline solution to be run in, a pressure 
slightly above the normal being aimed at ; but if 4 or more pints have been 
given, and the last 20 ounces or so have produced no further improvement, 
it is useless to continue it at that time. Fortunately a d^p^ee of vasomotor 
paralysis which prevents the pressure being raised to 90 or 100 mm. in nataveft 
of India is rare, as such have always terminated fatally in my Avp^rienw. 
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Tht JRelationship of Blood-presmre to Fost~choleraie Uramia. 

One result of tiding so many severe cases of cholera over the collapse stage 
by large hypertonic saline transfusions, is to accentuate the importance of 
urtemia in the later stages of the disease. This very serious complication is 
especially seen in two distinct classes of oases ; — Firstly, in patients brought 
to hospital more than 48 hours after tlie onset of the symptoms, which not 
infrequently have been comparatively mild at tire onset, and whose treatment 
has been neglected. Secondly, the other extreme of patients admitted early 
on account of the great severity of the afi'ection, who have been supported 
by repeated transfusions to the stage of reaction, when it is found to be 
extremely difficult to restore the renal secretory activity, which has been in 
abeyance during the prolonged period of very low blood-pressure. 

On cutting sections of the kidneys of patients who had died in the urasnaic 
sti^e of cholera, I was much struck by the amount of effused blood in and 
around the convoluted and straight tubules and the tense state of the capsule 
enclosing the extremely congested organ : all suggesting an actual mechanical 
difficulty in the re-establishment of an efficient circulation through the organ. 
In order to test if this was the case or not, I tried perfusion of normal saline 
solution through the renal artery from different heights, so as to measure 
the actual pressure required to obtain a fairly full outflow from the renal 
veins. For this purpose I used both healthy kidneys, got from the bodies 
of patients dying of other diseases, and also several from those who had 
Buocumbed to the uraemia of cholera. In the former, a pressure equivalent 
to 20 or 30 mm. of mercury sufficed to obtain a good flow through the 
kidney circulation. On the other hand, in the cholera ones no flow at all 
was got under a pressure of about 60 mm., and then only drop by drop, and 
it was not until 90 or 100 mm. was reached that any tiling like a full stream 
was observed. In one experiment, subsequent slitting of the capsule of the 
organ reduced the pressure required by about 20 mm. In a case of cholera 
in which the patient died of late complication with empyema, after the 
secretion of the urine had been freely established a pressure equivalent to 
so mm. of mercury sufficed for the free perfusion of normal saline through 
the kidneys, showing that it was only in ursemic cases that obstruction of 
the renal circulation existed in such a marked degree. 

Since the above observations were made, the blood-pressure has been 
carefully watched day by day after the termination of the collapse stage, and 
it has been found that the urromio symptoms are more common in those 
whose blood-pressures do not rise above 100 mm. For example, two very 
severe oases of cholera were admitted to buspital at about the same time, 
both of whom received two saline .transfusions of 4 pints each, and 
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recovered from the collapse stage. On the fifth day both had passed little 
or no urine and showed definite uraemic symptoms. The blood-pressure of 
one was now only just 100 mm. and he died the following night of uraemia* 
That of the other was 120 mm., and he began to pass urine that day, and 
made a good recovery. Soon after another patient developed well-marked 
urjemia, his respirations being over 40 per minute and very laboured, while 
he was practically unconscious, and apparently in a hopeless state. As his 
blood-pressure was found to be only just 100 mm., adrenalin and digitalis 
were administered subcutaneously, and on the following rnonjing his pressure 
was 110 mm., he had recovered consciousness, was passing urine freely, and 
got well from that time. Thus, the indications derived from the 
kidney perfusion experiments have been home out in practice, and it is clear 
that the blood-pressure is the most important factor to be attended to in the 
treatment of the deficient renal secretion, which ensues in so many severe 
cholera cases, after the danger of death from collapse has been averted by 
saline transfusions. 

Condmiims, 

1. In cholera there is a very definite relationship between the amount of 
fluid lost from the blood and the severity and mortality of the disease. 

2. This loss is usually so great as to indicate saline transfusions to restore 
the circulation. 

3. Injections of normal salt solutions are commonly of only very temporary 
benefit. 

4. Hypertonic salt solutions (1‘36-per-cent, sodium chloride, or 2 drachms 
to the pint) are much more effective, their use having reduced the mortality 
by about one-half. 

5. A great loss of chlorides from the blood occurs in cholera, most marked 
in the worst cases. If the percentage of chloride is considerably raised by 
the intravenous injection of hypertonic salt solutions recovery usually 
ensues. 

6. The development of uraimia in the reaction stage of cholera is 
associated with a comparatively low blood-pressure, measures to raise which 
are indicated for the prevention and treatment of this- very serious 
complication. 
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The Effect of Heat upmi the Electrical State of Living Tissues. 

By A. D. Waller, M.D., F.R.S. 

(Received February 20, — ^Read March 4, 1909.) 

L Of M'uscle, 

The question whether the sudden application of heat acts as a physiological 
stimulus to nerve and muscle naturally leads on to a study of the effect of 
local heat upon the electrical state of living tissues. I have done this 
(1) upon muscle, (2) upon nerve, and (3) upon the skin. As far as I know, 
the only tissue hitherto tested in this respect is muscle.* 

Du Bois-Reymond first, t then Worni-MlillerJ in more detail, observed that 
a muscle dipping in an indifferent fluid that was gradually heated and led ofl 
to the galvanometer from the fluid and from the undipped muscle exhibited, 
with rise of temperature, positivity followed by negativity of the undipped 
portion. Hermann, in 1870,§ flatly contradicts this statement, but in the 
following yearll gives an account of experiments from which he concludes 
that warmer portions of living muscle are positive in relation to cooler 
portions, Le. that differences of temperature in the muscle give rise to 
a special electromotive force (eine besondere elektromotorische Kraft). But 
the protocols of his experiments, especially when they are plotted as curves, 
are not very convincing. The question is one that requires to be carefully 
re-tested. None of the experiments quoted affords any conclusive proof 
that the influence of rise of temperature upon muscle currents were true 
physiological effects apart from physical (thermo-electric) changes. 

The method employed in the present series of observations was as indicated 
in the following representative experiment. 

* I loam that Kngolmann, in 1872, examined the influence of temperature upon akin- 
currents, obtaining with rise of temperature a negative variation of the normal current, 
‘PflUger's Archiv,^ vol. 6, p. 138, 

t Du Bois-Eeymond, * Untersuchungen Uber Thiorische Elektricitat,’ vol. 2, p, 178; 
* Oesammelte Abhandlungen/ etc., vol, 2, p. 202, 

t * Worm-Mfllier, ‘ Versuche Uber die Einflusse der Wiirme auf die elektromotorischen 
Kii&fte der Muskeln und Nerven,* WUrzburg, 1868. 

§ Hennann, ‘^Versuche Uber den Verkuf der Stromentwicklung beim Absterben.” 
‘PflUger's Archiv/ vol. 3, p. 43, 1870: **G«nau bei 40” . . . . entwickelt sioh ein im 
lebenden Muskel aufsteigeuder Strom. Die absterbende Muskelsubstanz erlangt also ihre 

Negativitiit gegen die lebende in dem Momenta der Erstarrung Eine (nicht 

thermoelektriscbe) FoeitivitHt der erwarmten Substanz im Sinne Worm-MUller’s existirt 

II Hermahn, same title, ^ Fliiger's Archiv,* vol. 4, p. 163, 1871. 
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A sartorius muscle led off to the galvanometer in the usual way. A 
platinum wire adjusted transversely under one of the electrodes A or B 
of an accumulator, a metronome key and a hand-key K, all in the same 
circuit, so that the metronome gives regular brief periods of closure (when 
the hand-key is also closed) that raise the platinum wire to a red heat for 
a fraction of a second. The glowing wire heats the muscle locally at A by 






radiation and by the ascending current of heated air. The heat is graduated 
by bringing the wire nearer or farther from the muscle, or by varying the 
number of effective closures, or by varying a resistance in the accumulator 
circuit. It can be calculated if required. But the important condition to l)e 
secured is not so much an accurately known amount of heat as an accurately 
repeated application of a definite regular amount of heat In these experi- 
ments the heat at each glow of the wire amounted to 0*08 calorie. 

The movements of the muscle are recorded by a lever on the smoked 
cylinder or plate. The movements of the galvanometer mirror indicative of 
the electrical changes are at the same time recorded photographically. 

Bemlt ! — 

Moderate heat at B gives current in the muscle ftrom A to B. 

Excessive heat at B gives current in the muscle from B to A (« a current 
of injury). 

After which moderate heat at B gives hardly any effect, because B is 
injured. 

Dead {i.e. heat-rigored) muscle gives small effects in' the same direction, 
that are ordinary physical (thermo-electric) effects. 

The results on muscle are nearly quite satisfactory, the only drawback to 
their absolutely conclusive character is this small residual positive ef^t in 
the same direction as the ordinary thermo-electric currents from the heated 
side. But as will be uudexstood &om the consideration of ddn effects, even 


805 


1909 ,] , Electrical State of lAving Tissues, 


this doubtful feature is eliniinated when muscle-effects and skin-effects are 


studied comparatively. 


I. Mmole— 

Heat 

Kxcitation or injury 
II. Nerve — 

Heat 

Excitation or injury 
Til, Skin— 

Heat 

Excitation 


A. B 


The arrows under A and B indicate the direction of currents in the tissue 
in response to local warmth or local excitation at A and at B respectively : 
€,g., if muscle, led off at A and B to the galvanometer, is heated at B, there is 
current in the galvanometer from B to A, in the muscle from A to B as 
indicated by the first arrow under B. Following the usual phraseology, we 
say that B becomes “ positive.” The second arrow under B indicates that 
thei’e is current from B to A in the muscle when B is rendered active by 
injury or excitation, or, according to usual phraseology, B becomes “ negative." 

The arrows opposite the nerve indicate the analogous currents by local 
warmth or by local excitation, identical in direction with those of muscle. 

The local skin currents botli to heat and to excitation are of reverse 
■direction to those of muscle (and of nerve), e.g., if skin led off by electrodes 
A and B applied to its external surface is warmed at B, thei’e is current in 
the galvanometer from A to B (" ingoing ” current at B, or B “ negative ” to 
A). If it is excited at B, there is current in the galvanometer from B to A 
i(“ outgoing ’’ current at B, or B " positive ” to A). 

In the foregoing description the ordinary terms " negative ” and “ positive ” 
have been used. For my own part I find it conducive to clearness to think 
of the active spot B as “ electro-positive,” giving current from B to A in the 
tissue, rather than as “ negative,” giving current from B to A through the 
galvanometer, and I call B " sinoative.” But the least ambiguous description 
of direction of current between A and B is afforded by the arrows. 

II. Of Nerve. 

A nerve disposed in a similar manner gives similar results, with this 
difference, that the positive response to heat is relatively more evanescent 
and more easily replaced by the negative response to injury. This 
•disappearaboe may occur so rapidly that a photograph taken after a few 
trial defieotions may exhibit only a series of injury responses (negative with 
Increasing negativity), the heat responses (positive with increasing negativity) 
having oceutred with the trial defieotions. It is advisable, therefore, to take 
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nerve-photographs without any preliminary trials, as will be obvious on 
consideration of the record given herewith. 

III. Of Skin. 

Frog's skin, which, according to my previous observations* invariably 
responds to local excitation by an outgoing current when led off by its 
external, but not by its internal, surface, is a particularly satisfactory tissue 
upon which to study the electrical effects of heat, for the electrical sign of 
the local effect of excitation is the reverse of that of muscle or nerve, and it 
possesses an effective (external) surface and an iaeffoctive (internal) surface 
that can be separately tested. 

ExperimenU — Two unpolarisable electrodes A and B, in cordact with the 
external or effective surface of the skin to a galvanometer. A stirrup of 
platinum wire in an accumulator and metronome circuit as for muscle, 

Heat imder B gives a large effect in the negative direction, indicating 
current in the skin from B to A (= B zincative), i.e. in the contrary 
direction to that of tlie current aroused by electrical or mechanical excitation. 

Repeating the trial with the skin turned round so that the electrodes A B 
are in contact with its inner ineffective surface. Warmth applied as before 
to B gives little or no deflection ; the deflection, if any, is in the opposite 
(negative) direction, 

A killed piece of skin gives little or no deflection from the warmed 
spot B ; the deflection, if any, is small and in the positive direction. 

Thus in the living skin as in living muscle a current is aroused by warmth 
which is autidrome to the current aroused by electrical excitation ; the facte ^ 
in the two cases are as follows : — 



Local excitation of A, 

Local warmth to A, 

MUIIOlfi 

A negative 

A positive 

B\in 

A positive 

A negative 



Photographic records of the electrical effects of heat upon muscle, nerve,, 
and skin. The connections in the throe cases are with two points, A and B,. 
as given above, heat being in each cose applied at A or at B, as indicated 
by the signal marks A, A, giving in the case of muscle and in that of nerva 
heated at B response in the direction from A to B, and in that of the skin 
from B to A. 

I. The muscle record consists of three successive positive responses to heat 
* Waller, ‘Roy. Soc. Proc.,» vol, 68, p. 480, 1901, “Signs of life.*' 
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at A (A = antizn.) ; the general after-effect ia in the negative direction, 
followed by four positive responses to heat at B (B = antizn.) ; the general 

* 49* I 0 I 234 9 S432IOI2345 
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after-effect is negative. The muscle is then scalded, and submitted to five 
successive glows as before ; when a smaller deflection in the positive direction 
occurs at each glow. It is presumably a physical (thermo-electric) effect, 

II, The nerve record consists of three successive effects of three successive 
glows under B, followed by four successive effects of four successive glows 
under A. In the B group the first response is positive, tlije second is small 
positive followed by large negative, and the third is negative. In the A group 
the first (positive) response is the largest, the second (positive) is smaller, the 
third is smallest and gives place to a deflection in the negative direction, due 
to injury, the fourth is a small negative deflection. 

III, The skin record consists of two groups of four successive responses ; in 
the first group the external surface, in the second group the internal surface, 
of the skin is led off to the galvanometer. In the first group, each response 
at B is relatively large and the current is directed in the skin from B to A 
(‘* ingoing ” current, or B zincative). In the second group the responses are 
hardly perceptible. 

In muscle (and in nerve), where the electrical effect of local excitation is 
** negative,’* the effect of moderate heat is “ positive.** 

In the skin, where the electrical effect of local excitation is “ positive/* the 
effect of moderate heat is negative.** 

Excessive heat, producing injury, gives a negative ** effect in ihusole (and 
nerve), a positive **. effect in the skin. 

KB . — “ Negative ** = Zincative,** ** Positive ** ss: " Antizincative,** 

To my understanding, the expressions ** positive** and “negative" are 
ambiguous without this specification, and the description given in the text in 
terms of “ positive ** and “ negative/* while correct, is very confusing, 

Tim general conclusion from all these experiments is that the first electrical 
effect of moderate local heat is of opposite direction to that of local excita- 
tion and of looal excessive beat, ix. that the effect of moderate heat is 
“ anti-excitatory*' 

\PostBaript {added May 27).— In consequence of a question put to me at 
the conclusion of the demonstration that accompanied the above com- 
munication, I have taken observations on the effects of gradufiil rise and fall 
of temperature upon the normal (ingoing) current as well as upon the 
electrical response of the frog's skin. The . alterations of temperature were 
brought about by gradually warming and cooling a metal box containing 
the skin and electrodes, the thermometer giving the temperature of the air 
in the box. 

With rising temperature the electrical response of the skin increased at 
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fiirst and subsequently diminished, disappearing at a box temperature of 
between 46^ and 50° The normal (ingoing) current at first increased and 
subsequently diminished. 

With falling temperature the electrical response diminished progressively, 
being altogether abolished at a box temperature of between —4° and —5° 
The normal ingoing current diminished progressively with the fall of 
temperature. At the box temperature of 4° to 5° a sudden diminution of 
the ingoing current {i.e. an outgoing effect) was sometimes witnessed, which 
I attributed to an excitation occurring at the point of congelation. But in 
other cases mere irregular deflections were seen at this point. 

Thus, os may be seen from the accompanying plotted curves, the effect of 
heat and of cold was in the same (outgoing) direction ; the increased ingoing 
effect at the first application of heat being no greater than the spontaneous 
increase that takes place without alteration of temperature.] 



eompeimtor ; lower lino = temperature curve. 



Effect of gradual fall of temperature upon the 
normal akin current Upper lino E.M.F. 
readings by compensator ; lower line ** tem- 
perature curve. 
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The Imidenoe of Cancer in Mice of Known Age. 

By E. F. Bashfobd, M.D., and J. A, Muebay, M.U., B.Sc., Imperial Cancer 

Eesearch Fund 

(Communicated by Prof. J. Rose Bradford, Sec. R.S. Received April SO, — 

Read May 20, 1909.) 

The opportunity of obtaining accurate information of the frequency of 
spontaneous cancer in mice at different age-periods has presented itself 
in the course of a prolonged inquiry into the possibility of hereditary trans- 
mission of a liability to cancer. We have approached the question of heredity 
experimentally by breeding systematically from mice spontaneously affected 
with malignant new growths, and propose to determine the frequency of 
spontaneous cancer in mice in whose ancestry the disease has occurred with 
varying frequency. This investigation is still in progress and cannot 
be reviewed profitably for several years, but the data which have so far 
accumulated are of sufficient interest, in their bearing upon the statistical 
and biological importance of the age-incidence of the disease, to warrant 
a preliminary account being published ; although the small numbers at 
present available still render the greatest caution necessary. • 

The method by which the data have been obtained is as follows; Mice 
spontaneously affected with cancer are not killed when brought into the labora- 
tory, but the tumours are excised and used for transplantation. The clinical 
course, the microscopibal examination, and the results of transplantation of the 
tumours, together with the post-mortem, examination of the animals, give the * 
best security for the correctness of the diagnosis of oanoer. It is only under 
these precautions that the breeding experiments have proceeded. Each 
spontaneously affected mouse, or pair mated for breeding, has been housed 
in a separate cage. The cages have been* sterilised and changed at regular 
intervale. In the first instance, the males mated with these spontaneously 
affected females were the offspring of spontaneously affected animals received 
pregnant. Later, males bred in the laboratory from cancerous parents were 
used, so that the pedigrees constructed for the later litters sho^ some strains 
with a relatively enormous preponderance of cancerous ancestors. When 
a litter is born each young mouse receives a number, the date of birth is 
entered in a list, and the sex and colour or other distinguishing marks 
noted against each. So soon as they are able to look after themselves the 
litters are separated from the mother, and the males and females segregated 
in fresh cages. It is thus possible to distirtguish each animal bom in i^e 
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laboratory by referencse to an index, which at once gives the ancestry, the 
date of birth, and the age of the animal in question. The mice have been 
systematically examined daily. 

There is difficulty in obtaining offspring from mice suffering naturally 
from cancer, and the breeding experiments began to be regidarly successful 
in January, 1907. The first case of cancer was found in a female mouse in 
March, 1908, the animal being nine months old. Since that date 18 
additional spontaneous malignant new growths have been obtained. Every 
case has been subjected to careful microscopical examination, and only 
undoubted cases of malignant new growth are reckoned. So far all have 
occurred in female mice, and with two exceptions have affected the mamma. 
The exceptional cases were one of generalised malignant lymphoma, and one 
of melanoma or melanotic sarcoma of the external ear. The remainder were 
carcinomata of the mamma in which the adenomatous character was present 
in varying degree ; in two of them small areas of keratinisation were found 
in the sections examined. 

It was of interest to determine at what age the tumours were fird observed, 
and to determine the number of animals of the same age under observation. 
As no cases of new growth have yet occurred in the males* bred, these are 
excluded from the present purview. The females were distributed by means 
of a card index into five groups differing in age from each other by intervals 
of three months. Animals under six months old have been excluded 
because of the high mortality in the first six months of life from infectious 
diseases of all kinds (pneumonia, enteritis, septicsemia), and because the 
youngest mouse in which a true malignant new growth occurred was 
• exactly six months old. It will be noted from the table given below that 
no female animal attained the age of two years. On April 26, 1909, 
a census of the females was taken, and all those which had died over 
six months old, since the beginning of the experiment, were added to the 
corresponding age>groupe. The mice which were then still living, after 
developing cancer, and those which had died from the disease, appear in the 
age*group corresponding to the age at which the disease was first discovered 
in them. The percentages of the followup table are therefore not strictly 
comparable with death-rates, but are to be read as giving the liability to 
cancer at different age-periods. 

The progressive increase shown in the table presents a remarkable corre- 
spondence with the facts long familiar to students of the incidence of 
cancer in the human subject. It furnishes a striking confirmation in the 

* Of the fimt 1146 mice bred, 688 were males and 667 females. The preponderance 
ot osneer in the female is due to the great liability of the female to cancer of the mamma. 
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mouse, of the conclusion we advanced in ‘Hoy. Soc. Proc./ vol, 73, Januaiy, 
1904, and in the First and Second Scientific Reports of the Imperial Cancer 


Age. 

6—9 

month** 

—12 

months. 

—16 

months. 

— IR 
months. 

—21 

months. 

—24 
months 
and over* 

Totdil 

i 185 

110 

04 

21 

0 



Cancer 

1 8 

4 

7 

3 

2 

. — 

Per cent 

1 2*2 

8*5 

7*4 

14 *2 

88 -8 

““ 


Research Fund, that, in animals as in man, the reewded frequency of cancer 
varies with the opportunities for examining a large number of adult and aged 
individuals. 

Account was taken of the age-incidence of cancer in the. human subject in 
the hypotheses of Thiersch* and of Cohnheim,f which wore formulated for 
man only, and are untenable to-day. The general biological significance of 
the age-incidence of cancer, for which we have so often argued, has been 
ignored, or, when mentioned, minimised by most pathologists, and, in recent 
years, also by those engaged in the experimental study of the disease. It 
is, perhaps, not too much to hope tliat the foregoing presentation of the 
facts will henceforward impress on those engaged in the inveetigatiou of 
cancer the urgent necessity for precise knowledge of the ages of men or 
animals in whom the incidence of cancer is being studied. In particular, 
the difi'erence between mice 13 months old and 21 months old in their 
liability to cancer at once invalidates completely all statements of the 
relatively greater frequency of cancer in one group of mice than another, ® 
when the exact age of the animals is not known. The same objection must be 
raised to assertions of the occurrence of epidemics in other animals. Such 
statements have been frequently made, and have received wide currency 
sinoe experiment demonstrated the possibility of the artificial transmission 
of cancer from one animal to another of the same species, but only, however, 
by implanting living eancer-cells, and also demonstrated that this form of 
transmission could not be made responsible for the great frequency of 
nudignant disease. The above criticism therefore applies with destructive 
force to all statements which have appeared up to the present on the ooour- 
rence of epidemics of cancer in mice and rats. Until it can bp shown that 
the conditions of experiment have altered the normal age-inoidenoe of the 

* Thiersch, *Der Epithslialkrebs, namentlich der Hsut,’ Leipsig, I 860 . 

t Cohnhehn, ‘ Vorlesungen fiber sUgemeuie Fathologie,' Berlin, 1877, Snd Sditieo, 
1888. 
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disease, the theses which have found such ready acceptance must be regarded 
as not proven. 

As in the case of other communities of mice in outside breeding establisli* 
ments, our stock, at present under consideration, is a highly in-bred one. It 
is not profitable at present, considering the small number of tumours which 
have been obtained, to analyse the cancerous and uon-cancerous individuals 
with reference to this factor or to the ancestry. 

The positive value of these observations lies in the statistical confirmation 
they bring to the results of the comparative histological and biological studies 
of the Imperial Cancer Research Fund, which have shown the close parallel, 
amounting in many particulars to complete identity between malignant 
new growths in man and other vertebrates. They demonstrate that the law 
of the age-incidence of oanoer holds also for the shortest-lived mammals as it 
holds for man. Since the facts accord with the imperfect data we have 
elicited for other vertebrates, they make the general applicability of the law 
of ago-incidence probable, and therefore any explanation of the etiology of 
oanoer must accord with the circumstance that, when considered datisiimlly , 
cancer is a function of age, and when considered biologically is a function of 
senescence. 



314 


The Elerfric(d Reactions of certain Bacteria, and an Application 
in the Detection of Tubercle Bacilli in Urine by means of 
an Electric Current. 

By ClIAELKS KU8S, M.B. 

(Communicated by A. D. Waller, M.P., F.R.S. Received May 21, — Read 

June 24, 1909.) 

Iwtroduction. 

The aim of the following experiments was to ascertain whether bacteria 
3UB])onded in an electrolyte through which a current ]:ia8ses are transmitted 
to either electrode, and if so, whether pathogenic organisms could lie collected 
and extracted by such means from pathological liquids. 

Method of Experiment. 

The first observations as to a possible migration of liacteria under the action 
of an electric current were made in the following way : — 

A cover square was fitted with two platinum foil terminals, separated 
about 6 mm. from each other. A drop of weak bacterial emulsion 
made electrical connection between these two terminals, and was* prevented 
from evaporating by another cover square resting on the top of the first one, 
the edges of which were gi'eased; the “glass cell,” as it may be called, was 
then mounted on a stand (fig. 1 ), which rested on the stage of a microscope, 
and a current of about 1 milliampere sent through it. 



It was at once founij that the bacteria, viz., Staphylococem mrms, 
Streptoeoasi, M. rmliUrms, B. tvierculom, B. colt, B. typhosus, B. of Oaertner, 
B. pyoeyamm, and Hoffmann’s bacillus, moved towards one electrode, tfiw 
direction of movement being reversed on reversal of the current ; the 
velocity of transmission was approximately estimated at about 1/100 mmv 
per minute (under the particular conditions of pressure and sectional area). 
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It was a matter of considerable difficiUty to keep a particular bacillus 
continuously in view and thus watch its migration ; to obviate this, and iu 
view of tlie possibility of the observed movement being due to some variation 
of surface tension of the fluid under the influence of the current, the experi- 
mental arrangements were altered and observations made in the following 
way: — 

An emulsion of the Bacilhis colt was made by pouring normal saline upon 
a fresh agar culture of the organism, sweeping the growth by a platinum loop 
into the saline, and pouring it into a test-tube, which was then sealed in the 
blow-pipe ; by thorough agitation an even emulsion was made ; some of this 
emulsion was then poured into a glass U-tube, fitted with platinum terminals 
which just dipped beneath the liquid ; a current from I^clanolu? cells was 
sent through the emulsion. Observations at frequent intervals showed that 
the bacilli were accumulating under the anode in one limb of the U-tube ; 
after several hours a dense column had formed, the fluid in the opposite limb 
becoming clear ; reversing the current reversed the direction of motion of 
tlie bacteria. 

A systematic series of tests was next undertaken with ditierent bacteria 
in various electrolytes. To expedite the work, four similar U -tubes were 
mounted on a stand as seen iu fig. 2, and observations made simultaneously 
of the IxdiaHour of the bacteria when suspended in different electrolytes, the 
same current traversing the four solutions in series. The eurient was 



measured by a tangent galvanometer in circuit, and the voltage between the 
totoittala of the U-tiibes by a voltmeter when required. Usually 4-per-cent, 
stations of the electrolytes were used ; with weaker solutions, i per cent., 
gravitation of the Imcteria to the bottom of the U-tul>es occurred liefore the 
eleetrioal ^effect was evident. 
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It was thus found that : — 

(1) The occumulaticHi at an electrode varies in degree with different species 
in the same electrolyte. 

(2) The accumulation at an electrode varies for the same species in difibrent 
electrolytes. 

Table I. 



+ 

Na,. SOh. 

- + 

Ntt, NOs. 

+ 

Nil,. HPO,. 

— 

N^. 

+ 

Cl. 

JS, ro/i communis 

« 

« 

« 


• 

JB, typA(MH^ 

• 

# 

• 


# 

Staph^heoooui . . . 

Feeble 

« 

‘ Feeble 

' « 

Not tested 


# 

Tubercle baoillna ! 

Nil 

! Nil 

1 

Nil 


Feebl* 

« 

Hoffmann*!) bacillus ......j 


f 

« 

t 

« 



! • 



a 

M\ melilenMi { 

* 

^ 1 

* 


« 

Streptococcus j 

Nil 

Not tested i 



• 

Gacrtuor*8 bacillus 1 

, 1 

, • 

! 

« i 

1 .___! 

« 

t 


« 


The acid radicle column anode. 

base „ suf eafbode. 

• indieatei aggregalaon. 


J « marked aggregation. 

Table I contains the results of a number of observations mode with different 
bacteria in four electrolytes which all contained the same basic element 
(sodium), but different acidic elements. 

A. similar set of observations was carried out with four electrolytes having 
the same acid radicle (SO4), but different basic elements, and the results 
collected in Table II. 

Table II. 



- + 

Zn. SO 4 . 

- + 

K 3 . SO 4 . 

— + 
Mg. 60.. 

(NH.),. SO,. 

M* comfaaaif 

Nil 

* 

Nil 

Nil 



# 

&i€^yl<icooou$ attreut 


# 

P • 

n 

. Feeble 

# 

TnheiPcle ba^illua 


Nil 

• 

P • 

• Nil 

# 

19. 


NU 

Feeble 

m 

# 

J9, 


* 

AT. ............... 

Feeble 

m 

! 

* 







The etteptoooomu in Table I died before Table 11 wa« begun. 

The ? wa« neoeHitated b; oxide foraiatioira referred to under ohoice of eleeWblytee, 
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It was important to decide the relationship of these bacterial movements to 
the bacterial vit^ility. In point of fact the accumulation occurs in boiled, i.r. 
dead, as well as in living cultures. As regards the probable nature of the 
movement of the bacteria under the action of the current, we are in the 
presence of the following alternatives : — 

(1) If bacteria posses-s electric charges, they might Ihj attracted to the 
electrode of opposite sign, and migration of the bacilli would ensue, 

(2) Minute particles sus^wnded in fluids, through which a cvirrent is sent, 
are known to be directeil to the electric terminals. During the course of this 
work solutions have been found in which no movement of the bacilli was 
effected by the current. It will be seen from some experiments to be 
described, that the phenomena are hardly to be explained on the lines 
indicated above. 

(3) When a current passes through an electrolyte, the usually accepted view 
of the main processes therein involved is that there is a movement through 
the solution of the ions of the solute in opposite directions towards the 
electrodes. If we suppose that some chemical affinity exists between the 
ions and the bacteria, there is at once the possibility of migration of the 
bacteria towards the electrode ; the transmission of the bacteria to the anode 
in one electrolyte, and the cathode in another the tubercle bacillus 
proceeds tothe anode in sodium chloride, and to the cathode in ammonium 
sulphate) can be attributed to a chemical affinity between them and the ions 
of the electrolyte. 

The migration of bacteria in electrolytes liaving been established, the next 
step was to ascertain whether bacteria present in very small numbers in a 
pathological liquid would be transmitted to either electrode in an electrolyte, 
and thus concentrated in a small volume of liquid for further examination. 

With this object in view, the tubercle bacillus in urine was chosen Isjcauso 
of the convenience in recognising the organisms without there being any 
necessity of undertaking cultivation work. The chief conditions required for 
the purposes of these experiments are that the electrolyte (1) should conduct 
oj^tarioity well, (2) should not 1« destructive of organic matter, (3) should 
form a colourless fluid in aqueous solution, (4) should yield no metal or 
metallio oxide as a result of electrolysis ; for such action has lieeu found to 
mask bacterial aggregation,, 

search for a suitable electrolyte for the tubercle bacillus proved a long 
and laborious one. The general method of experimenting was practically 
identioal with that described in which the U-tiibes were used. The tubercle 
becUU from glycerine agar cultures were ground in a mortar, made into an 
emulsion with water and mlded to the electrolytes under test. Utit of 
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43 substances (a list of which is appended) tried in this way, a decided 
aggregation was observed with ethylamine, ammonium sulphate, aoetamide, 
and iodide of potash. The first three will be noticed to contain an NHg or 
NH 4 group. Tlie aggregation in acetamide or potassium iodide is anodic, but 
weaker than the cathodic aggregation in ethylamine, or ammonium sulphate. 

A curious effect was noticed with ammonium sulphate, viz., an early 
aggregation at the cathode, soon followed by a sinkiug away of the massed 
organisms, resulting in the appearance of a clear zone between the bacterial 
cloud and the platinum foil. This was probably the result of some 
secondary electrolysis at the terminal in question ; this disturbing action led 
to the abandonment of ammonium sulphate for the purposes of these 
experiments. 

A good accumulation was found to occur with a mixture of ethylamine and 
lactic acid, the migration of the bacilli being towards the cathode ; separate 
tests indicated no reaction in lactic acid, and a moderate one with ethyl- 
amine alone. The movement of the tubercle bacillus in normal urine was 
found to bo slightly anodic. The addition of urine to the lactic acid and 
ethylamine did not interfere with the aggi-egation of the tubercle bacilli at 
the cathode. At the end of the test the presence of the bacilli in large 
numbers at the cathode, and their absence at the anode, was confirmed by 
making stained films from the cloudy and clear fluids round the respective 
poles. 

It was, however, noticed in these films that the bacilli stained feebly after 
several hoiurs of electrolysis in the ethylamine lactic acid and urine mixture ; 
this difficulty was overcome by the addition of bromic acid to the mixture. 

The proportions of these substances found to be most satisfactory were : — 


Ethylamine, 5-per-cent, solution One part. 

Lactic acid, 10 „ Four parts. 

Bromic acid, 5 „ Two parts. 

Urine One or two parts. 


It may be useful to mention here that when electrolytes are added to 
urine, and the mixture electrolysed, there is formed at the cathode a white 
fiooculont dubstance which is insoluble in the fluid, hut soluble ih mineral 
and organic acids. As this substance is easily mistaken (in aggregation tests 
in urine) for the baoterial cloud expected at the electrode, the soluMlity in 
acid should be tested for. It may further be distinguished by its rapidity of 
appearance and bulkiness of the cloud, in which particulars it contrasts with 
the trite baoterial massing at the foil ; the lactic acid used in the mixtum 
above mentioned prevents its formation. ■ ' 



319 


1909.] The, EleMrical Jienctionfi of certain Bacteria, etc. 

Ill order fco apply the observed aggregations of tubercle bacillus as 
a method of their extraction from tuberculous urine, the experimental 
arrangements were altered as follows : — 

The modified U-tube (fig. 3) was filled with a mixture of tuberculous 



urine, othylainine, lactic and bromic acids, thoroughly shaken previously. 
In the narrow limb of the vessel a platinum foil strip was submerged, and 
serveil for the transmission of current through the main column of fluid. 
The gases liberated at this foil escaped by the narrow limb, anil were thus 
prevented from traversing the bulk of the fluid. In the broad limb a glass 
tube was shbmerged slightly and travei-sed by a platinum wire, which just 
touched the fluid surface. The lower end of the glass tulie formed a 
bacterial trap by arranging the circuit so that the platinum wire was the 
cathode. On passing a current the tubercle bacilli contained in the 
tuberculous urine in the vessel are conveyed to the cathmle as in the U-tube 
‘experiments; they eventually enter the fluid enveloped by the submerged 
end of the tube, and remain close to the platinum wire. After sufficient 
time the wire was carefully lifted out, the glass tube slightly lowered in the 
vessel, the top of the tube closed by the wet or greased finger, and lifted 
away to a glass slide, and examined for tubercle bacilli The fluid contained 
in the trap was 2 or 3 minims in volume, and strongly alkaline at the end of 
the process, the bulk, of, the mixture remaining acid. This alkaline fluid was 
acidified with a 10-per-cent, solution of acetic acid on the slide previously 
smeared with albumen fixative ; it was fixed by heat and stained by the 
ordinary Z N oarbol fuohsin method. Tubercle bacilli were found in small 
nombers in the early attempts. 

the following experiment, in which the centrifuge and the electric current 
wpre Cotopared in the detection of tubercle bacilli placed in very small 
.numbers in a test fluid, is given in illustration of the power of the electrical 
method ' 
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My colleague, Dr. Fletcher, prepared an emulsion of tubercle l)acilli in 
water, and standardised to contain 1000 bacilli per cubic centimetre ; he 
thoroughly mixed | c,c. (i.e, 500 T. B/*) of this emulsion with 100 c.c, of 
normal urine. Allowing this mixture to stand for 24 hours in a conical 
vessel to assist sedimentation of the bacilli, he then siphoned off the super- 
natant three-quarters of its volume ; the remainder was centrifugalised 
(1/8 H,P. electric centrifuge) three times. In a stained preparation from the 
final deposit he found no tuherde hrtcilli. I added \ c.c. 500 tubercle 
bacilli) of the same emulsion to 50 c.c. of normal urine, and made up tlie 
volume to 100 c.c. by adding bromic acid, lactic acid, and ethylamine, and 
thoroughly shaking the mixture. This mixture was eiectrolyBed in tlie 
vessel illustrated in fig. 3. After 21 hours’ electrolysis 128 tubercle bacilli 
were counted in the 8taine<l preparations made from the trap contents. 


Detection of T. B.” in Tuberculous Urines by the Centrifuge and Electric 

Current. 


Centrifugt?. 


Case. 

i 

' Volume of 

I Desoripfciou of 

Bocn in 


urino used. 

films. 



1 

1 

10 

Mcklerate numbere ... 

2 

80 

II 

a 

repeat 

Fairly nunujrouH ! 

1 

4 


6 

1 20 ' 

6 

20 ; 


7 

20 


8 i 

10 

Fairly uuiuorous | 

9 

10 

10 1 

1 


11 1 

10 


12 1 

10 

' ... I 



Kleetrto current. 

Volume 

used. 

No. of 

j No. of T. B.*’ seen 

times 

1 in film but which 

diluted. 

j is not'ti. total count. 

o.e. 


bacilli. 

10 1 

i IG 

59 

10 1 

1 5 

38 

7 

i 0 

20G 

6 

7 

84 

0 

7 

149 

6 

7 

103 

2 

21 

15 

5 

9 

22 

& 

9 

88 

G 

9 

36 

5 

9 

40 

10 

10 

66 


Thf volume ueed by centrifuge « 10 o.c. once, twice or tliricjo repeated j i.e, the capacity of the 
tube « 10 0,0. 

Xho film forixu a pemauaut record of the experiment in each cose. 


These experiments concluded by repetition of this process in 12 oases, 
using always tuberculous urine, in which the bacilli had been previously 
found by the centrifuge. During these oases, variations of the time the 
current passed and of its strength were introduced. The results are 
collected in Table III, the main conolusions being : — 

(1) Tubercle bacilli were obtained in the trap upon the oohclusion of 
every test. 
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(2) They were present in larger numbers than would have been obtained 
in 2 or 3 minims of the original urine, 

(3) Tlie transmission of the bacilli by the current is emphasised by the 
relatively large number of bacilli obtained in the trap when working with 
very much diluted solutions of the original urine. 

(4) The evidence is not complete that all the bacilli present in the urine 
used were conveyed into the trap (though examinations of tlio catch were 
mode at successive stages of the electrolysis). 

The appearance of the bacilli in the films made from the trap is similar to 
that in a film from centrifuged urine, though the pus cells undergo 
dissolution with increasing alkalinity of the trap contents. If the electro- 
lysis was carried on for 24 to 36 hours the bacilli failed to take the stain 
properly ; such exposure, however, is unnecessary. 

I am indebted to Mr. S. llusa, Bemonstrator of Physics, Manchester 
University, for assistance with the electrical technique and mcasuremeuta ; 
to Br. Bastes for the use of his laboratory during the earlier pai't of the 
experimental work, and to Mr. Pardoe for tuberculous urine from St, Peter's 
Hospital 

In conclusion, the results of the present preliminary investigation may be 
summarised as follows : — 

Certain bacteria under the influence of a suitable current aggregate at one 
or other electrode. The aggregation varies with the nature of the 
electrolyte, and is probably due to aflSnity between the products of 
electrolysis and the bacteria. It occurs with killed as well as with living 
bacteria. The aggregation by electrical currents affords a means of 
collection and examination. The differences in behaviour of various 
bacteria are such as to suggest the possibility of utilising the method for 
purposes of specific discrimination ; but in this particular the data hitfierto 
obtained are not sufiicieut to warrant definite statements. 


Lvft of EUciTolytea in which lieadion of Tubercle Bacilli was sowjht 

Inorganic . — Potassium iodide, iodic acid, sodium sulphite, sodium carbonate, 
sodium bicarbonate, sodium nitrite, ammonium magnesium phosphate, 
potassium chlorate, microoosmic salt, ammonium magnesium sulphate, 
potassium cyanide, and copper sulphate, 

Orgmm. — Sodium tartrate, sodium acetate, sodium citrate, maltose, 
glucose, lactose, cane sugar, ethyl alcohol, methyl alcohol, acet-aldehydo, 
glycerin, formalin, formic acid, amido-aoetic acid, urea, uric acid, sodium 
urate, oxalic acid, urea nitrate, lactic acid, acetone, chloral hydrate, 
YOt. LXXXI.— B. . 2 A 
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pheiiyleno-(li-aihiuo, sulplianilic acid, picric acid, carbol fachsin, chloroform, 
carbolic acid, acetic acid, and acetamide. 

[Note . — Since completing these experiments I have searched the literature 
of the subject with the following results : — 

A])bot and Life (‘ American Journ. Physiol.,’ 1908, p. 202) tested micro- 
scopic quantities of motile bacteria suspended in distilled water, and 
observed to-and-fro movements in a glass trough. They used excessively 
minute currents, and concluded that variations in the observed reactions of 
the organisms depended upon their cultivation in acid or alkaline media. 
They found no effects with dead or non-motile (living) species; they avoided 
currents large enough to cause electrolysis, and concluded that their results 
were galvanotropic. 

Apostoli and Laquerriere (‘ Compt. Eend.,’ 1901, vol. 133, p. 186) con- 
cluded that constant currents are able to sterilise cultures or attenuate their 
virulence. They studied especially the conditions necessary to produce such 
effects. 

S. Kruger, " Ueber den Einfluss des constanten electrisohen Stromes auf 
Wachsthum und Vinilenz der Bacterien ” (‘ Zeitschrift fiir Klinische 
Medicin,’ 1893), contributes an account of the lethal effects of electricity 
applied to bacteria. „ 

Other references are appended to papers 1 have not yet been able to 
consult, viz. : — 

Friedenthal, H, “Ueber den Einfluss des elektrischen Stromes auf 
Bakterien," ‘ Oentralblatt f. Bakteriol.,’ 1. Abt., Jena, 1896 (voL 19, pp. 319 — 
324); “Ueber den Einfluss der Inductions-Electricitat auf Bacterien,’’, 
m. (vol. 20, p. 606). 

Jennings, H. S. Papers on reactions to electricity in unicellular organisms. 

‘ J. Comp. Neurol, and Psychol.,’ Granville, vol. 16, 1905, 528 — 634 

Bang, S. "Wirkungen des elektrischen Bogenlichtes auf Tuberkel- 
bazillen in Beiu-Kultur,’’ 'Mitt. Einsens Lysinst. Kopenhagen,’ Leipzig, 
H. 3, 1903 (97—112).] 
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Trypanosoma ingens^ n. sp. 

By Colonel Sir David Beuck, C.B., F.RS,, Army Medical Service ; Captains 
A. E* Hamkhtoh, D,S,0., and H. R Bateman, Royal Army Medical 
Corps ; and Captain F. P. Mackie, Indian Medical Service. 

(Received April 30, — Read May 20, 1909.) 

(Sleeping Biokneee Commieaion of the Royal Society, 1908 — 09.) 

[Plate 7.] 

This is such an extraordinary looking parasite that the Commission thinks 
it deserves a short preliminary note, a name, and to be figured. 

The name is taken from Virgirs description of the Cyclops, informe, ingcns. 
It was first discovered in the blood of a reed-buck on February 13, 1909, at 
Namukekera, Uganda (lat. 0® 40' K ; long. 32® 16' E.), the estate of the 
Uganda Company, Limited ; then in a bush-buck, and lastly in an ox. The 
wild animals and the cattle feed in the same pastures, so that it is not 
remarkable that the oxeii should become infected. 

At present it is not known what the carrier is, and this will probably be 
a difficult thing to determine. Collections of the blood-sucking flies and 
ticks are being made on the Namukekera Estate, and this may lead in time 
to the discovery of the carrier. Up to the present the following list includes 
all the blood-suckers found in this particular district : — 

ChrifnopB distinGtipmnu, Austen. Himnatopota miieoior^ Ricainio. 

Stonioxya calcitram^ Lina. HcematopotUy «p. nov. 

Sioimxys nigra^ Maeq. n<xmatopota bru^ineucem^ Ricardo. 

Tabanm tmniolay Pal. de Beauv. 

Trypanosoma ingens, when seen alive in a fresh preparation, moves slowly 
and deliberately across the field of the microscope, with a fine rippling, or at 
times a broader undulating movement. 

In stained preparations this huge trypanosome may measure as much as 
122 microns, and even then it is lying in such a formless huddlod-up way 
among the red blood corpuscles that it looks capable of stretching out to 
a much greater length. The other specimens figured measure 72, 77, 88, 
mid 82 microns. The breadth is 7 to 10 microns. 

The micronuoleus is small and round. It measures about a micron in 
diameter. It lies posterior to, and quite close to, the nucleus. From it, in 
weli^stained specimens, a well-marked, though narrow, undulating membrane 
arises, which runs to the anterior extremity and ends in a free flagellum. 

The nuel^B is oval in form, and lies across the body. It is situated 

2 B 
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nearer the posterior end than the anterior, and in our specimens has stained 
a pale pink. 

The body substance is markedly granular behind the nucleus, while in 
front the structure described as myoneines is particularly well marked. 

More minute measiu-ements of one of these trypanosomes are as 
follows : — 

microns. 


Posterior end to micromicleus IS 

From micronuclens to nucleus 4 

Nucleus ; long diameter, 8 microns ; short diameter 4 

Nucleus to anterior end 40 

Freedagellum 17 

Total 83 


It is unnecessary in this preliminary note to go more fully into the 
structure of this trypanosome, or to describe it at greater length. An 
examination of the coloured drawings reprotluced in Plate 7 will give a 
more distinct idea of its appearance than any written description. 

The drawings were made by I.ady Bruce, RlhC, Figs. 1, 3, and 4 are 
from reed-b\ick, fig. 2 from the ox. All are magnified 2000 and stained 
Giemsa. 
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The Effect of the Injection of Intracellular Constituent of 
Bacteria {Bacterml Endotoxins) on the Opsonising Action 
of the Serum of Healthy Babbits* 

By R Tanker Hewlett, M.D. 

(Communicated by Prof. W. D. Halliburton, r,R.S. Received June 5, — Road 

June 24, 1909.) 

In a series of researches the late Dr. Allan Macfadyen studied the 
properties of the intracellular constituents of bacteria and other organisms 
obtained by mechanical trituration of the organisms in the presence of liquid 
air. He showed that the cell juices thus obtained are : — 

(1) Toxic oil injection into animals B. typhosusy'*' Spirilkm. cholerccy^ 
B. mmpticu$X pneumococcus, § and others), 

(2) Capable of inducing the formation of anti-endotoxins on injection into 
animals (c.y., B. typlmits^ Spirillum cholera!^) which possess jirotective and 
curative properties in vivo, and bacteriolytic properties in vitro, 

(3) Cause the development of agglutinins {e.y,, B, typhmm*^ and yeastft)* 
It was thought that it might be of interest to investigate whether the intra- 
cellular bacterial constituents are capable of inducing alteration in the 
opsonising action of the serum of normal rabbits. 

The organisms selected were the B. typhomis, the B, tuhcrculosis, and the 
M, pyogenes, var. aureus {Staphylococcus pyogenes aureus). The intracellular 
constituents of these organisms were obtained by the Macfadyen method, 
viz., by growing the organism on surface agar in Roux bottles, scraping off 
the growth, suspending this in sterile water, centrifugalising and collecting 
the bacterial paste- on the walls of the centrifuge. The bacterial paste is 
weighed so os to ascertain the amount, and then ground in the machine after 
freezing. 

After grinding, the ground material is made up with distilled water or 
with 01-per-cent, sodium hydrate, so as to fonn a 10-per-cent, solution 

* ‘Boy. Soc. Froc.,* voL 71, 1903, pr 77 (with Sydney Rowland). 

+ ‘Lancet,* 1006, voL 2, p. 494. 

I ‘Centralbl. f. Bakt.,’ Abt. I (Originale), vol. 43, 1907, p. 143. 

g ‘Brit. Med. Journ., 1906, vol. 2, p. 776. 

II ‘Boy. Soc. Proc./ vol. 71, 1908, p, 361, and vol. 77, 3906, p. 548. 

% ‘Lancet,* 1906, vol. 2, p. 494. 

< Lancet,* 1906, vol. 1, p. 373. 

ft ‘Centralbl. fftr Bakfceriol.,* Abt. I, vol. 80, 1901, p. 368. 

tt See ‘Ibe Cell as the Unit of Life’ (Churchill, 1908), p. 274. 
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(calculated on the original weight of the moist bacterial paste), and filtered 
through a sterile Berkefeld filter. One to three cubic centimetres of the 
filtered aohitioii are then dried in vacuo over sulphuric acid and weighed, so 
as to ascertain the weight of material contained in the endotoxin solution. 
This weight is regarded as the weight of endotoxin ; actually the endotoxin 
is slightly less than is represented by this weight, in consequence of the 
presence of traces of salts. The amount of endotoxin having been thus 
ascertained, stiflScient sterile 0‘8-per-cent, sodium chloride solution is added 
to the filtered solution of endotoxin so as to form a 1-per-mille solution. 
All the operations are performed aseptically, in order to obtain a sterile 
preparation. 

Tlie rabbits were all large healthy animals, and blood was obtained in 
Wiight’s capsules from an ear vein. In all instances, the blood used os the 
control was taken at the same time as the samples from the inoculated 
animals, and the specimens for counting the number of bacteria ingested by 
the polymorphonuclear leucocytes were made in the usual manner within 
two to three hours after bleeding the animals. The leucocytes employed 
were h%man leucocytes, as rabbit's leucocytes were found to be less satis- 
factory for making the stained films, and the counts were made on 50 cells. 
All the inoculations of endotoxin, tuberculin, and vaccine were made 
subcutaneously in the back. 


Results obtainei). 

A. Typhoid eiidotooyin, — TIjo determination of the effect of injections of 
typhoid endotoxin on the opsoiiising action of rabbit's serum is complicated 
by the fact that agglutinins and bacteriolytic substances are formed which ^ 
cause agglutination and solution oi’ the organisms (typhoid bacilli) in the 
mixtures of serum, leucocytes, and organisms employed for preparing the 
films with which the counts are made. The results, therefore, in this case 
must be regarded as approximate only. The endotoxin was prepared from 
an avirulent strain of the typhoid bacillus. Three rabbits were taken, one 
being kept os a control, the two others each receiving a dose of 01 milligramme 
of endotoxin. 

In addition to determining the opsonising action of the undiluted serum, 
the effect of dilution was also studied, for Klien*shas shown that dilution 
up to a certain point inm'cmesi the opsonising action of human typhoid 
serum. 

The following results were obtained 

* *BulL of the Johns Kopkiu# Ho«pit»V voU 18, Nos. 195 and 198, 1907, jx 84S* 
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Table I. — Numl^er of Typhoid Bacilli ingested by 50 Polymorphonuclear 

Leucocytes, 


Period, 

Dilution 
of serum. 

Control 
(opsonic index 
*1-0). 

™ .. . 

Babbit I, 

Opsonic 

index. 

Rabbit II. 

Opsonic 

index. 

Control 

undiluted 


1 

i 82 

0*86 

1 

88 

0*9 

before 

1 in 6 

50 

j 54 

0*9 

64 

0*9 

Inoculatiou 

1 10 

' 

38 

i 42 

i 

1*1 

86 

1 ‘0 

24 lioure 

undiluted 

112 

20 

0*17 

28 

0*25 

after 

1 in 6 

85 

i 12 

0 13 


0 16 

inoculation 

1 10 

64 

1 0 

— 

[1 0 


48 hours 

undiltited 

122 

166 

1 ‘4 

166 

1 *8 

after 

1 in 5 

74 

1 398 

6*4 

335 

4*6 

inoculation 

1 10 

43 

1 

154 

8 '6 

166 

3*8 

3 days 

undiluted 

112 

357 

3*2 

869 

3*3 

after 

1 in 5 

70 

204 

8 0 

254 

8*5 

inoculation 

1 10 

85 

114 

3*8 

316 

3*3 


1 20 



i 70 


84 


6 days 

undiluted 

198 

892 

2*0 

f 327 

1 *7 

after 

1 in 6 

48 

! 548 - 

11 *4 

496 

10*3 

inoculation 

1 10 

88 

1 6X6 

16*5 

j‘ 448 

, 13*6 


1 20 

14 

1 325 

23 *0 

1 367 

, 26 ’5 


1 60 


i 101 

1 

— 

,1 48 


6 days 

j undiluted 

i 186 

! 103 

! 0*8 

1 131 

1 1*0 

alter 

; 1 in 6 

1 54 1 

1 270 

1 4*2 

!! 160 

2*6 

inoculation 

1 10 

88 ! 

1 124 

8*7 

; 136 

4 *0 


I 1 20 

< 

1 98 

.... 

76 



i 1 60 1 

I 

83 

— 

80 



, 1 100 

! 

56 


j 29 


7 day* 1 

undiluted 

114 [ 

166 

1 *4 

1 125 

1 *3 

after | 

1 in 5 

40 j 

110 

2*8 1 

i 71 

1 *4 

inooulation ! 

1 10 

28 

71 

2*4 ! 

42 

1*5 

1 

1 20 


60 

— ! 

50 



1 60 

— { 

< 85 

— 

i ^ i 



1 100 i 

1 

1 29 

j 

22 


8 day* 

i 

undiluted j 

121 

1 202 

1 *7 ’ 

] 

121 i 

1 *0 

after 

1 in 6 { 

IJO 

! 240 

2*2 

145 ' 

1 *8 

Inocuhit^n 

1 10 I 

61 

i 158 

3*3 1 

198 - 

3*9 


1 20 

-w- 

, 164 

— 1 

120 



1 60 i 

— . j 

98 

— 1 

45 j 


12 day* 

undiluted i 

118 



112 

0*96 

after 

1 in 6 J 

50 



112 j 

1*9 

inoculation 

1 10 

28 

— 


180 ! 

7*8 


1 30 ! 



1 

; ! 



1 50 


.... 


98 1 



1 100 

““ 

— 


28 



It in jaot suggested either in Table I or in Table II that the index is correct to the second 
decanal- The %uro in the eeocmd dechnal place i» given only to indicate the irettd of the Index. 
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Ohaht I. — Opftonic Index after Infxsulation Chart II. — Opsonic Index after Inoculation 
with O’l mgmi. Typhoid Endotoxin. with 0*1 mgrm, Typhfnd Endotoxin. 

I 

From the foregoing table it is evident that an injection of O'l milligramme 
of typhoid endotoxin produces, 24 hours after inoculation, a considerable 
decrease in the opsonising action of the serum, that is a marked *' negative 
phase ” (Wright), followed by a considerable rise in the opsonising action of 
the serum which persista'for some days. The opsonic index yielded by the ^ 
undiluted serum is given in graphic form in Charts I and II. The dilution 
of the normal serum produces a decrease in its opsonising action, whereas a 
dilution of the serum of the inoculated rabbits produces an api»arent increase 
in the opsonising action. 

B. Staphijloeocctfs eruhtosdn. — Three sets of experiments were carried out 
with the endotoxin of the M. pi/ogenes, var. aureun (Staphglvcocciis pyoge^us 
aureus), viz., a comparison of the effects of the endotoxin derived from 
(a) an ordinary old laboratory strain of the oi-ganisni, (J) a recentiy isolated 
strain, and (c) the effect of a vaccine prepared from the strain used for a, 
on the opsonisteg action of the serum of normal rabbits. Equivalent 
quantities (0‘1 milligramme solid matter) both of vaccine and of endotoxin 
were given, and the endotoxin solution was prepared with OT-per-cent. 
sodium hydrate solution. The opsonising action of each serum, some time 
after inoculation, was also tested with both strains of organisms. The 
results obtained are given graphically in Chart III of the opsonic indexes. 
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Chart III. — Staphylococcus Vaccine and Endotoxins. 

Babbit Ilf received 1 c.c. (= 1000 x 10* = O'l milligramme) Stapbylowxicns Vaccine. 

Babbit IV received 0-1 railligramme Staphybxsocens Endotoxin, old strain. 

Babbit V received 01 milligraninie Staphylococcus Endotoxin, new strain. 

Main trace ■= index determined with old strain of Staphylococcus. 

Small upper trace == index determined with new strain of Staphylococcus. 

It will be seen from these experiments that the endotoxin prepared from 
the old laboratory strain (Kabbit IV) gave nearly as marked a rise in the 
opsonic index as the vaccine (Babbit III), but that the fonner seems to 
induce less negative phase than the latter, and its effect is more per- 
sistent. The endotoxin prepared from the recently isolated strain (Babbit V) 
induced a rise in the opsonic index mnch more marked than that induced by 
either the vaccine or the endotoxin prepared from the old laboratory strain. 
The’ sera, some time after inoculation (two to seven weeks), tested against the 
recently isolated strain, gave an opsonic index slightly higher in the case of 
the vaccine (Babbit III) and much higher in the case of the endotoxins 
(Sabbits IV and V) than that obtained when tested against the old laboratory 
atxftin. 

The effects of different amounts (01, O'OI, 0*001 milligramme) of another 
freihly prepared staphylococcus endotoxin solution were also tested, and the 
results are given graphically in Chart IV of the opsonic indexes, and ate 
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there compared with the injection of* an ordinary *do&e of ataphylocoocua 
vaccine (1*0 c.c. = 1000 x 10® cocci = 0*1 milligramme). 

From this chart (IV) it will be seen that a marked rise in the opsonic 
index results from the injection of staphylococcus endotoxin, and that the 
rise corresponds with the dose of endotoxin given. Even the smallest dose 
of endotoxin (O’OOl milligramme, liabbit IX), produced a considerable and 
lasting rise in the index, a rise more marked than in the case of the vaccine 
(Rabbit VI). 



Chabt IV. — Staphylooocous Vaccine and varying dosea of StaphyloooccuB Endotoxin. 


Babbit VI received 1*0 c.c, (1000x10® cocci « 0*1 milligramme) StaphyloctKJCUs vaccine. 

Rabbit VII received 01 milligramme Staphylococcua endotoxin. 

Babbit VIII received 0*01 milligramme Staphylococcus endotoxin. 

Babbit IX received 0*001 milligramme Staphylococcus endotoxin. 

A few experiments on the effect of dilution on the opsonic action of a 
vaccine serum and of an endotoxin serum were also made, and the results 
obtained are given in Table 11. 

From Table II it will again be seen that the endotoxin produces a greater 
rise in the opsonic index tliau the vaccine does. In this case dilution does 
not affect the index in the same way as dilution of typhoid serum ; on the 
whole the index remains much the same in the undiluted and the diluted 
seinjm, though with dilutions of 1 in 6 and I in 10 more cocci are ingested 
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by the leucocytes than when the serum is undiluted, and this applies to the 
serum both of the inoculated, and of the uninoculated, animals* 


Table II. — Effects of Dilution on Staphylococcus Vaccine and Endotoxin 
Sera. Number of Cocci ingested by 60 Polymorphonuclear Leucocytes. 



Dilution 

Control 

Vaccine 

Opsonic 

index. 

Mndotoxiu 

Opsonic 

index. 

Period. 

of 

serum. 

(opsonic index 
-1). 

serum 

(lc.o. vaccine). 

serum 

(O’l to gnu.). 

Control 

undiluted 

210 i 

235 

1 1 

199 

0*96 

before 

1 in 5 

385 

856 

1*06 

316 

0*94 

inooulfttion 

1 10 

432 I 

410 

0*96 

397 

0-02 

24 houfH 

undiluted 

238 

183 

0*8 

400 

1*3 

after 

1 in 6 

286 

266 

0*9 

241 

0*86 

inoculation 

1 10 

295 

190 

0*64 

214 

0-7 


1 20 

108 

121 

1*1 

144 

1*8 

48 hours 

undiluted 

85 

181 

1*5 

826 

3*8 

after 

inoculation 

1 in 10 

100 

169 

1*7 

1 

358 

8*6 

72 hours 

undiluted 

68 

92 

1 

1*6 

156 ' 

2*7 

after 

inoculation 

linlO 

80 

183 

1*66 

1 181 

1*6 

(i days 

undiluted 

125 

186 

1 *5 

306 

2*4 

after , 

inoculation 

1 in 10 

186 

211 

1T4 

865 

2*0 

12 days 
after 

inocukUon 

undiluted 

102 

131 

1*3 

177 

1*75 


(Se© Note at end of Table I.) 

C. Bacillus tuberculosis.— Two preparations of tubercle endotoxin were 
used, one prepared from untreated tubercle bacilli, the other prepared from 
tubercle bacilli previously extracted with ether. Tlie effect produced by the 
endotoxins was compared with that produced by a small dose of German 
Tuberculin R. The results obtained are charted graphically in Chart V of 
the opsonic indexes. 

From Chart V it will be seen that the German Tuberculin K (dose 
0'002 milligramme) produced little effect (Rabbit X). A corresponding dose 
of tuVierole endotoxin (prepared with un&ctraded bacilli), on the other hand, 
induced a marked and prolonged rise in the opsonic index, which was 
preceded by a slight negative phase (Rabbit XI). A relatively huge dose of 
the same endotoxin (1 milligramme) produced a decided negative phase 
fdllowed by a rise in the opsonic index of approximately the same amount as 
produced by the smaller dose (Rabbit XII). A similar dose (1 milli- 
gramme) of the endotoxin prepared with ether-extracted tubercle bacilli 
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produced an alteration (negative phase and subsequent rise) less marked than 
with the endotoxin prepared from the unextracted bacilli (Babbit XIII). 



Babbit X received 0 002 milligramme Tuberculin R. 

Babbit XI received 0*002 milligramme tubercle endotoxin. 

Rabbit XII received 1*0 milligramme tubercle endotoxin. 

Rabbit XIII received 1*0 milligramme ether-extracted tubeivle endotoxin. 

I), affect of on the Activity of the Endotoxin Sohitiom . — In view 

of the possible use of endotoxin solutions for vaccine treatment, it was 
thought desirable to make tests on their activity after they had been kept * 
for a period. The tubercle endotoxin was prepared on March 9, 1908, and 
the staphylococcus endotoxin was prepared on March 10, 1908. They were 
the same solutions as those employed in the experiments detailed in 
Sections B and C above, were kept in an ice-safe and were injected on 
May 1, 1908, into fresh rabbits, ix. approximately seven weeks after pre- 
paration. The results are given graphically in Charts VI and VII of the 
opsonic indexes. 

In the case of the tubercle endotoxin, doses similar to those’ given in the 
experiments in Section C were administered. It will be seen from Chart VI 
of the opsonic indexes that the endotoxin solutions were quite as active as 
previously. Babbit XV, receiving the large dose of endotoxin prepared from 
imextracted bacilli, became unwell on the twelfth day, and died on the 
thirty-sixth day, after injection. 
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Ohakt VI. — Old Tubercle Endotoxin Solutions (7 weeks old). 

Babbit XIV received 0'002 milligramme tubercle endotoxin. 

llabbit XV received I'O milligramme tubercle endotoxin. 

Babbit XVI received I'O roillignunme etber-extracted tubercle endotoxin. 

In the case of the staphylococcus endotoxin, in view of possible 
deterioration on account of keeping, 10 times the dose (1 milligramme) 
previously given was injected. It will be seen from Chart VII of the opsonic 
indexes that a marked effect on the opsonic index was induced, greater, as 
before, in the case of the endotoxin prepared from the recently isolated 
strain (Babbit XVIII). 

Another experiment with the latter endotoxin (prepared on March 9, 1908) 
was performed on November 3, 1908, approximately eight months after 
preparation, the dose being 01 milligramme. Again it will be seen from 
Chart VIII of the opfeonic indexes that a marked effect was produced 
(Rabbit XIX). The staphylococcus endotoxin employed in the experiment 
detailed in Section E below was the same preparation and was then 
10 months old, and from Chart IX it will be seen that it was still very 
active. 

These experiments indicate that the endotoxin solutions deteriorate but 
slqwly, and retain a considerable proportion of their activity for at least 
three to six months. 

E. Prodmtion of " Begativt Phase ” by hyection of Endotoxin . — It was 
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Chart VII . — Old Staphylococcus Endotoxin Solutions (7 weeks old)* 

Babbit XVII received l*0^illigraiume Staphylococcus endotoxin, oW' strain. 
Babbit XVIII received 10 milligramme Staphylococcus endotoxin, new strain. 



CiiAET VIII.*— Old Staphylococcus Endotoxin Solution (0 months old). (Prepared from 
nm atrain of Staphylococcus.) Babbit XIX received O'l milligramme endotoxin. 

considered desirable to attempt to ascertain whether the endotoxin 
produces a negative phase comparable to that produced by a vaccine. Pot 
this purpose relatively large doses of staphylococcus vaccine (15|0O0 k 10® 
cocci = 1*6 c.o. vaccine), and of fresh staphylococcus endotoxin (1 miUi- 
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gfamme) were injected, and the opsonic index was determined 15 hours, 
20 hours, 24 hours, 48 hours, and 72 hours, and five days and seven days 
after inoculation. The results are given graphically in Chart IX of the 
opsonic indexes, 

Index 
2‘3 
2 2 
2<t 
2*0 
I 9 
I *8 
! -7 
I '6 
1-5 
1-4 
I '3 
i'2 

1*0 
0-9 
O-fi 
0-7 
0-6 
05 
0*4 


Chart IX.— To aacertain extent of “ Negative Pliaee ’’ with large doses of Staphylococcus 

Vaccine and Endotoxin. 

Babbit XX received I'.l c.c. (=> 16x 10* cocci =« 0T5 milligraninie) vaccine. 

, Babbit XXI received 1 0 milligramme endotoxin. 

From these experiiaents (Chart IX) it would appear that the vaccine 
(Rabbit XX) produces a decidedly greater negative phase at the twentieth 
hour after injection than the endotoxin does (Rabbit XXI), although, weight 
for weight, six and a half times as much active material was administered 
in the case of the endotoxin than in that of the vaccine. The results of 
this experiment (and also of those detailed in Sections B, C, and D) suggest 
that the endotoxin induces decidedly less negative phase than a vaccine. 

I have to express iny best thanks to Mr. Wellcome fur the facilities he has 
afforded me at the Wellcome Physiological Reseamh Laboratories for carrying 
out the greater part of this work, and to Mr. E. Thompson, Laboratory 
AssistoQt, on whom much, of the labour of making the counts of the opsonic 
determination^ has fallen. 

(Part of the expense incurred in this work has been defrayed by a grant 
Irom the British Medical Association.) 
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The Alcoholic Fei'nient of Yeast-juice. Part IV . — The Fer- 
mentation of Glucose, Mannose, and Fructose hy Yeast-juice. 

By Authuk Hakdek, F.K.S., and W. J. Yoima. 

(Received June 10, — Read June 24, 1909.) 

The results previously communicated by the authors* were obtained 
exclusively with glucose, and in the present paj>er an account is given of 
the behaviour of mannose and fructose towards yeast-juice both in the 
presence and absence of added phosphate. 

Buchner oxariiined the fermentation of fructose by yeast-juice and found 
that it proceeded at precisely the same rate as that of glucose.f No experi- 
ments with mannose appear to have been previously performed. 

The fructose employed throughout these experiments was Kahlbaum's 
crystallised fructose prepared from iniilin. The mannose was prepared by 
the hydrolysis of ivory-nut and was purified by conversion into the phenyl- 
hydrazone, which was reorystallisod from hot water and was finally decomposed 
by benzaldebyde in the usual maniier.J All the experiments were performed 
at 25^^ in the presence of toluene. 

I. Relative Rates of Fermentaiion of GUicme, Mannose, and Fructose, 

Both mannose and fructose are freely fermented by yeast-juice, as they are 
also by living yeast. The relative rates of fermentation of these three sugars 
by yeast-juice vary somewhat in different experiments, but on the average of 
the experiments performed the fructose appears to be fermented rather more 
quickly than either mannose or glucose, whilst the mannose is also fermented 
slightly more rapidly than glucose. 

Table T gives the experimental results, 25 c.o. of yeast-juice being employed 
in each case. 

In experiments 1, 2, and 4 the rates were taken after the mixture hod 
been incubated for about half an hour* In experiment 3, observations of 
rate were mode during three different intervals, and the time during which 
the mixture had been incubated before the commencement of each of these 
waS"-(a) 25 minutes, {h) 70 minutes, (c) 130 minutes, * 

♦ ‘ Boy. Soc. Froc./ B, 1906, voL 77, p. 406 ; 1908, vol, 80, p. 299. 

+ ' Bis ZymasegSrung,' p, 100. 

X Herzfeld, * Ber. Deutach. Cbem. Qaa.,* 1896, vol. 28, p. 440. 
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Table I. — Relative Rates of Fermentation of Glucose, Mannose, and 


Fructose by Yeast-juice. 


No. 

of 

exp. 

Amount 

of 

sugar. 

Total 

Tolumo. 

Time 

in 

Hate 
Cubic c 
in 

OlU(50BC. 

of fermentation, 
entiinetreti evolved 
the time given. 

Katio of rates. 


I 

§ 

Fructose. 

GfucoiW!, 

Mannoae. 

Fruetoao. 

1 

1 

25 ’6 

1 45 

j 8-2 

3 

6 *3 

1 

0*04 

1*66 

2 ! 

1 i 

: 25-6 

60 

I 24-8 ; 

28 

29 

1 

1 ‘18 

1 ‘17 

Sa 

4 ! 

45 

85 

1 6-8 i 

7*2 

8*7 

1 

1 -06 

1*28 

h 

4 

45 

60 

1 10 *4 1 

11 

14 1 

1 

1 *06 

1 *86 

c 

4 

45 

265 

40-2 1 

88-6 

46-9 

1 

0 *96 

i 1 *17 

4 

1 *6 

1 i 

82 *6 

1 

185 

1 61*8 ; 

f 

55 *9 

65 *7 

j 

i 1 

1 ‘08 

, 1*08 

1 


IL Total Femmitation, 

The total weight of carbon dioxide evolved from an excess of the sugar by 
a given volume of yeast-juice was also found to be slightly greater )yith 
fructose than with glucose, whilst that evolved from mannoKe in the only two 
experiments made was considerably less than from glucose. 

The following are the exiHjrimontal results, 25 c.c. of yeast-juice being 
employed, and the incubation continued until fermentation had ceased; — 


Table II. — Total Fermentation of Glucfjse, Mannose, and Fruct<.)se. 


No. 

of 



Total carbon dioxide in 

grammes. 

Rtitio of totals. 

Sugar 

added. 

Total 

volume. 


i 


1 

exp. 


* 

Ghiooso. 

Mannoee. | 

t 

Fructose. 

Glucose. 

Mannose. Fructose. 

6 

1 

4 

32-6 

0 -fisse 

0-4462 1 

0-7486 

1 

0 *68 ! 1 *13 

1 

6 

4 

83-6 

0-7405 

j 

0-6226 j 

0-8624 

1 

0 *67 j 1 T6 


III. Fermentation of Mannose by Yeast fnioe in presence of Phosphate. 

Mannose behaves towards phosphates in the presence of yeast-juice in 
precisely the same manner as glucose.* A rapid rise in the rate of fermenta- 
tion occurs; an extra amount of carbon dioxide and alcohol are produced 
which are equivalent to the phosphate added, and the phosphate is converted 
into a hexosephoaphate which is not precipitable by magnesium citrate 
mixture and can be isolated in the form of a lead salt. As in the case of 
glucose, an optimtun concentration of phosphate exists at which a maximum 
rate of fermentation occurs. Beyond this optimum, increase of concentration 

* Harden and Young, loc. cit 
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of phosphate lowers the rate of fermentation. The rates obtained with 
mannose and glucose in comparative experiments are approximately equal. 

These phenomena are illustrated by the following experiments : — 

Experiment 7. — Two quantities of 25 c.c. of yeast-juice + 5 c.c. of a solution 
containing 1 gramme of the sugar were incubated until a constant rate had 
been attained, and 5 c.c. of an approximately 0 3 molar solution of sodium 
phosphate were then hdded. 

Experiment 8, — Two quantities of 25 c.c. of a different sample of yeast- 
juice 4 1 gramme of the sugar were incubated as above and 10 c.c. of the same 
sodium phosphate solution (0*3 molar) were added. 

The readings made after the addition of the phosphate are tabulated below, 
the numbers expressing the volume of carbon dioxide evolved in the 
five minutes preceding the time given in the first column : — 


Table III. — Fermentation of Glucose and Mannose in presence of Phosphate. 



Carbon dioxide evolved in preceding 6 minutes. 

Time after addition. 

Experiment 7. 

Experiment 8. 


Glucose. 

Mannose. 

Glucose. 

Mannose, 

: 6 

4-4 

6-4 

22-4 

22 *6 

■ 10 

8-2 

6-0 

23*8 

26-7 

; 15 

9*1 

6*8 

22*2 

22 *1 

i 20 ! 

9 '6 

7-0 

16 *8 

14*6 

i 26 

7*9 

6*0 



* 30 

4-0 

4-8 



36 

1*5 

2*7 



i 40 

1 *0 

1*0 



1 45 

1*1 

1*0 




Experiment 9. Formation of a HexmephodpJmte, — Twenty-five cubic 
centimetres of yeast-juice were incubated until the rate of fermentation 
became constant at 0*8 c.c. in five minutes. Ten cubic centimetres of a 
0*3 molar solution of sodium phosphate were then added. The rate rose to 
71 c.c. in five minutes, and incubation was continued until it had again 
fallen. The liquid was then boiled and filtered, and the. amount of free 
phosphate estimated as MgsPaO?. The whole solution was found to yield 
0*0667 gramme of Mg 8 P 207 , The phosphate added corresponded to 
0*3263 gramme MgjtPaOj, and hence the difference between these quantities, 
0*3263 —0*056 7 « 0*2696, co^^responds to the minimum amount of phosphate 
rendered non-precipitable by magnesium citrate mixture. 

Experiment 10. Equivaimm of extra Carhm Dioxide mohed to (he 
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PJvosphate added . — Parallel experiments with glucose, mannose, and fructose 
were made with yeast-juice from the same preparation, the method being 
that previously described.^ Three quantities of 25 e.c. of yeast-juice -f 5 c.c. 
of a solution containing 1 gramme of the sugar to l)e exainiued were incubated 
with toluene at 25® lor one hour, and to each were then added 5 c,c. of 
a solution of sodium phosphate corresponding to 0*1632 gramme of Mg^iPaO; 
and equivalent to 32^6 c.c. of carbon dioxide at N.T.P. The rates of 
fermentation were then observed until they had again fallen and attained 
a steady value, the gases being measured moist at 19®*3 and 700*15 mrn. 


Table IV. — Eelation of Carbon Dioxide evolved to Phosphate added for 
Glucose, Mannose, and Fructose, 



Olucose. 

Mannose. 

Fructose. 

Maximum Attained 

9*6 

7 

11 *3 

Final rate of juice, cubic centimetres in 5 minutes 

1 *1 

0-96 

1 08 

Total evolved in 66 minutes after addition of phosphate... 

49 7 

1 47 -8 

47 *0 

Correction for rate of juice in absence of phosphate 

1Z‘1 

10 •« 1 

11 *9 

Total equivalent to phoepliate 

87 -H ; 

37 -2 1 

86 7 

II If at 

34 ‘4 

1 84-0 

32 *6 


These numbers agree well with the value calculates! from the phosphate 
added, viz., 5J2*6 c.o. 

Experiment 11. Effect of an Excess of Phosphate . — Two quantities of 
15 c.c. of yeast-juice + 7 c.c. of a solution of mannose containing 1 gramme 
of the sugar were treated with 10 and 15 c.c. resi^ectively of a 0*6 molar 
solution of potassium phosphate, KaHPO*. The following readings were 
Stained, showing that in presence of 15 c.c. of the phosphate solution the 
rate is less than in presence of 10 c.c., and that in neither case is a high 
maximum rate attained : — 

Table V. — Effect of an Excess of Phosphate on the Fermentation of 

Mannose. 


Time aft<^r 

Bate in preceding 5 iniautea. 

addition in 





minutaB. 

10 c.c. phosphate. 

15 c.c. phosphate. 

10 

2*2 

2 1 

20 1 

lil 

1*0 

SO I 

2*4 

1 *4 

40 

8*0 

1*6 1 

00 i 

1 4-2 1 

17 1 


^ *Roy. Soc. Pvoc.,* B, 1900, voL 77, p. 414. 

VOX. WOCXI.— B. 2 C 


t 
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IV. Fei'inentation of Frudoae by Yeast-jxdce in the irresence of Phosphate. 

Fructose, like mannose, agrees qualitatively with glucose in its l>ehaviour 
towards phosphates, but it differs quantitatively from both these sugars in 
two important respects: (1) The optimum concentration of phosphate is 
much greater; (2) the maximum rate of fermentation attainable is much 
higher. 

These points of resemblanoe and dissimilarity are brought out by the 
following experiments : — 

{a) When a phosphate is added to yeast-juice containing fructose the 
rate of fermentation rises to a maximum and then falls to a rate which is 
usually slightly higher than the original rate of fermentation. 

ExperhnentJ 2. — Ten cubic centimetres of a 0*3 molar solution of sodium 
phosphate were added to a mixture of 25 c.c, of yeast-juice and 1 giumme of* 
fructose, the original rate of fermentation of which was 0*8 c.c, in five 
minutes. The total volume of the mixture was 36*6 c.c. The readings were 
as follows : — 

Table VI. — Fermentation of Fructose in presence of Phosphate. 


Time aftor addiiio}} 
of pliofiphnti* in 
minuU's. 

1 Cubic ccntimefere of 
COj evolved in 
pTCceding 5 tninutes. 

6 

14 -9 

10 

21 *3 

16 

21 *7 

20 

17*3 

26 

10*9 

80 

2*0 

35 i 

1*6 

40 i 

1*0 

46 ! 

1*2 


I 


The luaxiraura rate attained varies very considerably with different samples 
of yeast-juice, as is shown by the following numbers (see Table VII), which 
refer in each case to 25 c.c. of yeast-juice. 

It is interesting to note that the two high rates, 80 ctnd 76‘2 c.c. per 
five minutes, are equal to about half the rate obtainable with an amount of 
living yeast corresponding to 25 c.c. of yeast-juice, assuming that about 
40 grammes of yeast are required to yield this amount of juice, and that 
this amount of yeast would give about 140 c.c. of carbon dioxide per 
five minutes at 25°, which has been found experimentally to be the average 
rate obtainable with the top yeast employed for these experiments. 
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Table VIL — Maxima attained by the Fermentation of Fructose in piesence 

of Phosphate. 


Number 

of 

exptsriment. 

Volume of 0’6 molar 
phosphate solution 
added. 

Total 

Tolume. 

Maximum rate 
attained, cubic 
centimetres CO 2 in 

5 minutes. 


o.c. 

0.0, 


18 

12 ’6 

78 

80 

14 

12 ‘6 

50 

27*1 

15 

10 

50 

81 *2 

18 

1 

20 

55 

76 *2 


(h) Equivalence of the extra carbon dioxide evolved to the phosphate 
added. One example of this has already been given in Experiment 10, 
p. 338. 

Experiment 17. — In another case the phosphate added was equivalent to 
65*2 C.C. of COa at N.T.P. 


c.c. 

Ghia evolved in 46 minutoB 82 ’2 

Correction for rate of juio© 1 *2 c.o. per , 10 *8 

6 minutes for a period of 45 minutes 

• I 

Q^as evolved at 19 and 747 *76 71 *4 

Volume at N.T.P j f>4 *2 


(c) Production of a hexosephosphale uon-precipitable hy magnesium 
citrate mixture. 

Experiment 18. — ^I’he exporimunt was carried out precisely as Experiment 9. 
The amounts of phosphate are expressed as Mgal’aOj : — 


Phospliate addiMl 

0 -3263 

Free phosphate after fermentation 

0-0420 

1 

j Phosphate rendered non-precipitable 

0-2837 


The solution after boiling was found to contain a hexosephosphate which 
has been isolated in the form of a lead salt and is at present undergoing 
investigation. 

(«f) Existence of an optimum concentration of phosphate. 

The following table shows the maximum rates produced by the addition 

2 0 2 
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of varying volumes of a 0*6 molar solution of potassium phosphate, KaHP 04 * 
to yeast-juice and fructose. In all comparable experiments the total 
volumes were kept equal by the addition of a solution of potassium 
bicarbonate as previously explained for glucose ;* in each case 2 grammes of 
fructose were employed. The maximum obtained and the optimum 
concentration are printed in thick type : — 

Table VIII. — Maximum Uates of Fermentation and Optimum Concen- 
trations of Phosphate for Fructose. 


No. of 

. experiment. 

i 

1 

Volume of 
yeast- juice. 

Total volume. 

Cubic centimetres of 

0 *6 molar solution 
of KjHPO* added. 

Maximum rate 
per 5 minutes. 


c.c. 

o.c. 


0.0. 

19fi 

6 

25 

0 

0-5 

b 

6 

25 

0 

14 ‘2 

c 

5 

25 

10 

6*6 

d 

6 

26 

16 

1-8 

20a 

15 

40 

a 

22 '6 

h , 

16 

40 

7 ’5 

25 ‘4 

c 

16 

40 

10 

20*7 

d 

15 

40 

15 

11 *8 

e 

15 

4f0 

20 

7*4 

21a 

10 

35 

3 

81*6 

b 

10 

35 

5 

82 *2 

c 

10 

36 

7*6 

28*5 

d 

10 

86 

10 

20*2 

• i 

10 

86 

16 

9*2 

/ 

10 

86 

i 

20 

6*7 

[ 


It thus appears that, precisely as in the case of glucose, progressive increase 
in the concentration of phosphate beyond the optimum produces a corre- 
sponding decrease in the rate of fermentation, and at a iiigh concentration 
the rate becomes extremely slow. 

(e) Comparison of the optimum concentrations of phosphate and of the 
maximum rates produced at those concentrations for fructose and glucose, 

The following results, which all refer to 10 c.c. of yeast-juice, clearly 
show that the optimum concentration of phosphate for the fermentation of 
fructose is from 1’6 to 10 times that for glucose, and that the maximum rate 
of fermentation for fructose is two to six times that of glucose. 


^ *Koy. Soc. Proc*/ B, 1908, vol. 80, p. 307. 
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Table IX. — Optimum Concentrations of Phosphate and Maximum Kates 
of Fermentation for Fructose and Glucose. 


No. of 

Sugar, in 

Total 

Optimum Tol umo of 

0 *6 molar plumplmtc. 

Maximum rate in cubic | 
centimetres of OOj per 1 
6 minutes. 

experiment. 

gnimmos. 

volimxe. 



- - 





GUueose. 

j 

1 Fruetose. 

Olucose. 

Fructose. 

22 

2 

1 

35 1 

2 

' 5 

7*5 

82*2 

23 

4 

50 

1 

{ 10 

5'4 

28*4 1 

24 , 

1*6 

1 23 

2 

1 6 

8 

17 ] 

25 

1 

1 1 

1*76 

1 6 

6-2 

25 -9 1 

26 

2 

1 25 

5 

i 7 -5 

10*2 

31 *2 

27 

2 

1 20 

2 

1 3 *5 

7-9 

22 0 

2B 

2 

i 22 *5 

1 

0’75 

i 

i 2 

8*4 

22*2 


V. Effect of the Addition of Fnictom on the Fermentation of Qlncose or 
Manno&e in prcMncc of a large Exesss of Pluh^plmte, 

When the rate of fermentation of glucose or mannose by yeast-juice is 
greatly lowered by the presence of a large excess of phosphate, the addition 
of a relatively small amount of fructose causes rapid fermentation to occur. 
This induced activity is not due solely to the fermentation of the added 
fructose, since the amount of this sugar may he insufficient to yield the gas 
evolved. 

The general nature of this phouoinenou may bo gathered from the following 
experiment : — 

Experiment 29. — Two quantities of 25 c.c. of yeast-juice 2 grammes 
glucose -p 20 c.c. of 0-6 molar KaHPO* solution + toluene were incubated at 
25^. The amount of phosphate was largely in excess of the optimum, and 
the rate of fermentation was found to be 1*8 c.c. per five minutes. 

A, To one of these were added 1 c.c. of glucose solution containing 
0*2 gramme of the sugar, and 4 c.c. of the phosphate solution. The rate of 
fermentation fell to 1*5 and continued at this value. 

E. To the other were added 1 c.c. of a solution containing 0*2 gramme of 
fructose and 4 c.c. of the phosphate solution. The rate of fermentation at 
once rose, as shown by the following readings. 

As the evolution of carbon dioxide proceeds the phosphate is converted 
into hexosephosphate, and its effect on the fermentation of the glucose 
lessened, and hence in order to jnaintain the original concentration of 
phosphate it is necessary to add a fresh quantity at intervals to B, the 
* amount required being calculated from the gas evolved, 13*5 c.c. of COa at 
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Time after addition. 

cTolvod in preceding 5 minutes, 

SubHUinee« added. 

1 

j 

A. 

Glucose and phosplmt-e. 

B. 

Fructose and phosphate. 

; 6 minutoft ( 

1-5 

2-6 

1 JO ,, j 

1*8 

6*9 

16 „ ! 


13 -8 

20 „ ! 

1-6 

19*4 

25 „ 

1 -5 

25*1 


17“'2 and 762 4 inui. Leinj' equivalent to 2 c.c. of the phosphate solution. 
The further course of the exi)erinient was as follows: — 

H. 


1 

Time after addition 

Gas evoWed since 

Diosphato added 

Rat*i jwT 

of pliospliat-e. 

pliosphttte. 

0 *6 molar solution. 

6 minutes. 

minutes. 

c.c. 

c.c. 

0.0. 

26 

67 -8 

4 

, 26 *1 

30 



27 *1 

36 

53*9 

10 

IKS-B 

40 

— 

— 

22 1 

45 

— 

— 

19 *7 

60 

— 

— 

18 *6 

65 



— 

19*8 

60 

i — 

— 

20*6 

66 

120 '6 1 

10 

19 ‘9 

70 

1 

— 

17 *8 

75 

— ] 

— 

18 *2 

SO i 

— 

— 

17 *4 

85 1 

— 

— 

16 *8 

90 j 

— 



16*8 

95 I 

1 

97 *9 


12 *4 

Total gas evolved 

340 ‘1 



Hence, although the concentration of the phosphate was never allowed to 
fall much below the original value and was generally considerably above it, 
the atldition of 0‘2 gramme of fructose to 2 grammes of glucose produced 
a total evolution of 340T c.c. of CO*, corresponding to the total fermentation 
of 1’3 grammes of sugar (in the ratio C*HijO« : 2 CO»), whei'eas in the 
absence of fructose the total fermentation would have been only 28*5 c.c., 
corresponding to 0’22 gramme of sugar. As the fructose added was only 
0'2 gramme and the subsequent evolution of oarb(m dioxide corresponded to 
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the total fermentation of 1*3 grammes of sugar, it is obvious that the 
addition of the fructose must have induced the fermentation of the glucose. 
Experiment 30. — Similar results were obtained in another way by 
employing so large an excess of phosphate that the fermentation observed 
did not reduce the concentration of phosphate to the limit at which the rapid 
fermentation of glucose in the absence of added fructose became possible. 

Four quantities of 15 c.e. of yeast-juice -f 5 c.c. of a solution containing 
2 grammes of glucose were employed — 

1. 5 c.c. of 0*6 molar potassium phosphate solution were added. 

2. 7*5 c.c. of jdioaphato solution were added. 

3. 1 5 c.c. of phosphate solution were added. 

4. 15 c.c. of phosphate solution and 0*5 c.c. of a solution containing 
0*05 gramme of fructose were added. 

The following observations were then made : — 


ItiitHP for o i]iinut<‘!<. j 

Tiin*\ 



1 . 

2 . ! 

3 . 

4 . 

5 

2-0 

1*9 

0*8 

4*2 

10 „ 

2*6 

1*0 

1*1 

4'0 

• 15 „ 

8*7 ! 

2*2 

0 *0 

0*0 

20 „ 

8*7 

2-1 

0-8 

8*9 

26 „ 

5-2 

2*0 

0-7 

M *6 

30 „ 1 

0*4 

2*9 

0-0 

14 '2 

36 „ 

9*6 1 

3*6 

0*7 

14 '8 

1 

Total erolvi'd 

33 -2 ! 

16*8 

1 

6*3 

1 

04 -3 


In this case the amount of gas evolvetl in No. 4 is equivalent only to 
4'8 C.C. of the phosphate solution, and the final concentration is therefore 
10*2 c.c. of phosphate in 35 c.c. The concentration of phosphate, therefore, 
never falls as low as that present in No. 2 (7 o in 27’5 or 9'5 in 35), and yet 
the fermentation is much more rapid than in this flask, which itself contains 
a concentration of phosphate greatly in excess of the optimum, as shown by 
a comparison with No. 1. The amount of carlK)n dioxide yielded by the 
complete fermentation of 0’05 gramme of fructose is only 13‘5 c.c., so that 
there can be no doubt that most of the gas evolved was derived from the 
glucose. 

(Note.— Experiments 1, 2, and 4 are not strictly comparable, since the 
contents of the flasks were not made up to the same volume, but the 
diff^enoe in rate dae to this is negligible.) 
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YI, Specific CharcfMer of the Ind^ictive Action of 

This inductive effect is specific to fructose and is not produced when 
glucose is added to mannose or fructose, or hy mannose when added to 
glucose or fructose, under the proper conditions of couoeutration of phosphate 
in eacli case. 

The experiments on tins point were carried out by ascertaining in eiiolx 
case the excess of phosphate necessary to produce a slow rate of fermenta- 
tion and thou making two parallel ex})eriinents, one with, and the other 
without; the addition of the small quantity of the sugar to bo tested for 
inductive power. All the observations were made with c.c. of yeast- 
juico. 


Table X. — Specific Character of the Inductive Effect of Fructose. 


No. of 
©xporimuHt 

Cubic 

centimetres ' 

0 *6 malar , 
phosphate. 

Total 

volume. 

Glmmmot* of augar pn^aent. 

evolved. 

.Time. 

! 

Mautiot»o. I 

1 

Fructose. 

Olucose. 



c.o. 




c.c, 

mina. 

Sla 

15 

37 

1 

0 

0 

8*7 

80 

6 

15 

«7 

1 

0*1 

0 

48 *8 

80 

c 

15 

87 

1 

0 

0*1 

10 *0 

80 

B2a 

10 

82 

1 

0 

0 

18-9 

80 

b 1 

10 

82 : 

1 

01 

0 

76*8 

80 


60 

82*5 1 

1 0 

1 

0 

13*0 

20 

b 1 

60 

82*6 ' 

0 *16 

1 

0 

7*0 

20 


10 

80 i 

! 0 

0 

1 

11 *4 

80 

h 

10 

30 j 

0*1 

0 

1 

14*1 

80 ^ 


75 

90 

1 ^ 

2 

0 

18*4 

80 

b 

76 

90 

1 ^ 

2 

OT 

16*1 

80 


This remarkable property of fructose, taken in connection with the facts 
that this sugar in presence of phosphate is much more rapidly femented 
than glucose or mannovse, and that the optimum concentration of phosphate 
for fructose is much higher than for glucose or mannose, appears to indicate 
that fructose when added to yeast-juice does not merely act as a substance to 
be fermented, but, in additipn, bears some specific relation to the fermenting 
complex. 

All the phenomena observed are, indeed, consistent with the supposition that 
fructose actually forms a permanent part of the fermenting complex, and that, 
when the concentration of this sugar in the yeast- juice is increased, a greater 
quantity of the complex is formed. As the result of this increase in the 
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concentration of the active catalytic agent, the yeast-juice would be capable 
of bringing about the reaction with sugar in pi-esence of phosphate at a 
higher rate, and at the same time the o))timum ’ concentration of phosphate 
would become greater, exactly as is observed. The question whether, as 
suggested above, fructose actually forms part of the fermenting complex, and 
the further (questions, whether, if so, it is an essential constituent, or whether 
it can he replaced by glucose or mannose witli formation of a less active 
complex, remain at present undecided, and cannot profitably be more fully 
discussed tin til the results of experiments now in progress are availal)le. 

It must, moreover, be remembered that different samples of yeast-juice 
vary to a considerable extent in their relative behaviour to gluoase and 
fructose, so that the pfienoniena under discussion may be expected to vary 
with the natui'e and past history of the yeast employed. 

Summa7y, 

1. Mannose behaves towards yeast-juice both in the presence and in the 
absence of added phosphates in the same manner glucose. 

2. Fructose resembles both glucose and mannose in its behaviour towards 
yeast-juice, but in the presence of phosphates is much more rapidly 
fermented than the other sugars, and the optimum concentration of phosphate 
is much higher. 

3. Fructose has the property of inducing rapid fermentation in presence 
of yeast-juice in solutions of glucose and mannose containing such an excess 
of phosphate tliat fermentation is only proceeding very slowly. No similar 
j^operty is possessed by glucose or mannose. 
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The Discovery of a Remedy for Malignant Jaundice in the Dog 
and far Redtoater in Cattle. 

By George H. F. Nuttaee, M.IX, Ph.D., Sc.I)., FJi.S., Quick Professor of 
Biology in the University of Cambridge ; and Seymour Hauwbn, 
D.V.Sci. (McGill) of the Department of Agriculture, Canada. 

(Eeceived June 22, — Read June 24, 1909.) 

Judging from the literature relating to piroplasmosis, no drug is known 
wliich exerts any curative action on either canine or bovine piroplasmosis. 
The canine disease is exceedingly fatal, and, in certain localities, especially 
in South Africa, it is almost impossible to keep dogs. On the other hand, the 
disease in cattle causes enormous financial losses, especially in America, 
Australia, and Africa, not only hy causing a considerable mortality, but 
also by producing a long-lasting aiuemia in many of the affected animals. 

The discovery of a dnig which will bring aV)OUt a cure of piroplasmosis is 
therefore a matter of practical importance. Our object in ])ubUshiug this 
communication is to announce the discovery of such a remedy. Whilst a 
full description of our experiments will shortly be published in * l^arasitology,’ 
we desire to place the main facts on record. * 

Canine Pircrplaftmosis. 

We have discovered that trypanblau and trypanrob are highly efficient 
remedies in the treatment of canine piroplasmosis. The drugs exert a direct 
and observable effect upon the jmrasites by causing the pyriform parasites W 
quickly disappear ; in most cases causing the total disappearance of the 
parasites from microscopic observation in the peripheral blood. The disap- 
pearance of the parasite is usually temporary, since they may reappear in 
small numbers after an interval of 9 to 12 days ; the treated dogs, as a rule, 
show no symptoms and gradually progress towards complete recovery. In 
our experience the treated dc^s show little or no loss of weight ; this being iu 
marked contrast to what is usually observed in the dogs which chance to 
recover naturally. 

Our experiments were carried out uj>on 20 dogs of various breeds and ages, 
the majority being highly susceptible puppies. We experimented with a very 
virulent strain of Piroplamia canis from Cape Colony. All of the 7 control 
(untreated) dogs died of piroplasmosis : 6 died within 7 to 13 days, and 1 on 
the 36th day after inoculation with virulent blood. 

The remaining dogs, 13 in number, were treated as follows:— 
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Kesults of Treatment with Trypanhlau {up to June 17, 1909), 


Dog. 

' 

\ 

Tmifced dojfs. j 

( 

Control dogs. 

(Jnoonlated at the same time 
the treated dogs.) 

1 

Kept under observation OOdavs 

Control died after 7 days. 

2 

„ ,. 83 

j» ft t> 

8 

69 „ 

• t i> ») 

4 

>» It ^ >1 j 

jt }> ^ >» 

6 

.. „ 42 ] 

11 )) 30 i» 

fl 

11 M 43 ,, 

>» n 0 „ 

7 

»l M ,, j 

Died of relapse after 18 „ 

>1 fj 7 ,, 

8 

„ 7 „ 

9 

10 

t 

>» It lu )• • • - • - j 

Treal-ed when moribund, the doj? died throe 
liours later, hut the drug oliviousl^r affected the 
parasitoH 

11 11 7 ,, 


Treated 24 hours after inoouhition before 

the parasites had ap^^arod), doc alive and well 
! after 05 dn} s ; it never »howt»<l jiarasites 

7 

>1 jt * j> 


RoBuItB of Treatment witli Trypaiirot, 

! Dog. 

Treated dogs. 

Control dogs. 

12 

Alive and well after 111 days 

Control dog died after 9 days. 

13 

i 

Treated in an ftdvan(M>d stage of the di«<^sc, 
the dog died 20 days after inoculation, but 
no paraflites could be found in the blood. 
The dog apparently died from the afU'r 
effects of piropiasinosis 

1) fi 7 ,, 


The above table speaks for itself, it scarcely requires any comuient. Wo 
Very mucli regret that we have lost four of our treated dogs Irom inter-current 
disease. Two of these dogs died of distemper (42 and 43 days respectively 
after inoculation), one died of distemper and mange combined (69 (lays after 
inoculation), and one died of severe generalised mange due to Demmla- 
follicvlorum (62 days after inoculation). Dog 13 was treated in an advanced 
stage of the disease, but its life was prolonged ; it is worthy of note tlmt no 
parasites could be found in the aniipal at autopsy. Dog 10 was treated only 
three hours before death ; the drug markedly affected tlie parasites, but it 
was too late to save the dog’s life. In only two cases did we see a relapse 
follow five days after apparently successful treatment ; this was in two very 
small and poorly developed puppies. The remaining dogs are alive and well 
to-day and show no parasites microscopically in their blood. 

As previously stated, the drugs exert a direct effect upon the parasites. 
The percentage of infected corpuscles is decreased, the pyrifonn parasites 
disappear, rounded and degenerated parasites are seen for a time, and, after 
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a while, all parasites are lost to view. When, after an interval, the parasites 
reappear, they do so in exceedingly small numbers, and, after a while, they 
disappear completely and finally. 

All of our dogs were treated by subcutaneous injections of saturated 
solutions of the dyes. 

Bovin e Biroplmm oais. 

With regard to red water, we are in a position to state that trypanblau 
exerts a very prompt efibct upon the parasite. The effect is precisely 
similar to that observed iji Piroplasma conu. Our experiments upon the 
bovine disease are still in progress, but we feel that they are sufficiently 
advanced to warrant the trial of the remedy in the field. We shall report 
upon our results in a futtirc communication. 

The results of these experiments are of considerable interest, since they 
thr(^w additional light upon tiie biology of the parasites and entirely confirm 
the observations of Nnttall and Graham-Smith upon tlie usual mode of 
multiplication of the parasites in the circulating blood. The striking effects 
of the drugs upon the parasites led us directly to make enumerations of the 
different forms of parasites occurring in the blo<3d of treated and untreated 
animals. The result of these observations has been to bring to -light several 
interesting facts regarding the life-history of the parasites. 

East GoaM Fever, 

Incidentally we may mention that in one experiment which we have tried, 
trypanblau exerted no effect whatsoever on the parasite of East Coast Fever 
in cattle. This does not appear to us surprising, since the parasite is very^ 
different from Firoplmma, although moat writers still persist in retaining it 
in the genus. For reasons stated elsewhere by Nuttall (1908), the parasite 
of East Coast Fever should be named Theikria yarm, 

Conclimom, 

Tim obvious practical conclusions to be drawn from our results is that the 
remedies will prove of value in practice, -it is highly probable that they will 
act in a similar manner in relation to equine and ovine piroj>la8mosi8. The 
mere fact that remedial agents have been found for diseases which have 
hitherto nin their course, in spite of all treatment, is encouraging, since with 
time we may reasonably hope to cope with these maladies in an efficient 


manner. 
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The Vaouolation of the Blood-plat eletfi : an Experimental Proof 
of their Cellular Nature. 

By H. C, Eosb, late Surgeon Koval Navy. 

(Communicated by Prof. C. S. Sherrington, F.R.S. Received May 12, 1909.) 

On July 27, 1907, a paper appeared in the ‘ Lancet ' by Ronald Ross, 
S. Moore, and 0» E. Walker, entitled New Microscopical Diagnostic 
Method and some Simple Methods for Staining Liquid Blood.” It described 
new methods for the staining of blood-cells m vitro — notably the agar-jelly 
method — by mixing polychrome methylene blue with agar and preparing a 
him : blood-cells spread upon this will absorb the stain, and if the jelly is 
suitably prepared the different morphological elements of the cells can be 
readily distinguished. It also described how the leucocytes, after they had 
been resting on the jelly for a short time, developed bright red spots in their 
cytoplasm ; and it was suggested that the spots might be centroaomes. 

The spots appear as bright scarlet points, and resemble closely what one 
would imagine that centrosomes would look like if they could be seen in 
polymorphonuclear leucocytes. The “ red 8j>ots,” however, could not be found 
in the blooc^platelets, and believing them to be centrosomes, the authors 
suggested in their paper in the ‘ Lancet * that if they could be demonstrated 
in the blood-platelets, it would settle the nature of these bodies, and close an 
old existing controversy. 

About two months ago I was fortunate enough to observe these red 
^spots ” in the blood-platelets, and if the following experiment is repeated 
the spots^can be provlucedin them in every specimen. 

Prepare a neutral solution which contains 3 per cent, sodium citrate, 
1 per cent, sodium chloride, and 1 per cent, morphine liydrochloride. 
Draw up into a capillary tube a volume of this solution, and add to it an 
equal volume of blood drawn freshly from the finger. After allowing the 
two fluids to mix, incubate the tube at 37® C. for five hours, A film of agar- 
jelly must now be prepared, which coutains a sufficiency of Uuna's stain to 
stain deeply the granules of polymorphonuclear leucocytes when they are 
spread upon it. One suitable formula for preparing this jelly is given ixi 
the'Ijenoet’ for January 16 and February 6, 1909, and another suitable 
formula will be found in the first equation in a paper recently published in 
the ‘ Proceedings of the Royal Society,' B, vol 81, 1909, p. 102. Place a 
drop of the incubated blood and moqihine solution on to a cover glass, which 
should be inveil^d and allowed to fall flat on to the agar film. In about 
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15 minutes' time it will be seen that probably all the blood-platelets will 
show one or more bright red spots in them, and these spots are identical in 
api)earance (except that they are usually smaller) with those seen in the 
cvUtplasm of leucocytes when blood is examine<l by this in vitro method 
by which the spots in tl)e larger cells were observed by R. Ross, Moore, and 
Walker. 

Tt is, however, necessary to state that the spots are not centrosomes. At 
first I believed them to be such, but further investigation showed the 
suggestion to be erroneous. They are diffusion vacuoles. If the diffusion of 
stain into leucocytes is accelerated by heat or alkali so as to cause maximum 
staining without actually killing the cells, then stained liquid also passes into 
the colloid cytoplasm and remains suspended in it as a “ red spot.” 
A description of the nature of these spots was published in the ' Journal of 
Physiology/ September, 1908. These vacuoles get gradually larger, and when 
the leucocytes die, the spots suddenly disperse owing to the liquefaction of the 
cytoplasm. 

The suggestion of R, Ross, Moore, and Walker, that if the spots could be 
seen in the blood-platelets it would be proof of their cellular nature, was 
evidently based on the assumption that the spots were centrosomes. Since 
they are not centrosomes, it may be said that their appearance in the blood- 
platelets now falls into insignificance. But the spots in the platelets also get 
larger and then disperse after an interval; and their disappearance is practi- 
cally coincident with the disapjjearance of the vacuoles iu the leucocytes, 
which is caused by the liquefaction of the cytoplasm (Xicurring at death. 
Morphia also causes extreme vacuolation of the leucocytes. 

As a matter of fact, studjing the question from another aspect also shows 
that their vacuolation is proof that the blood-platelets are cells. When fresh 
blood is placed on the jelly, and no morphia is employed, the leucocytes do 
not become extremely vacuolated, nor do the platelets develop the spots. 
Why should morphia have this effect ? 

It was shown in a former paper* that different cells have different 
coefficients of diffusion, and that, in blood-cells, approaching death causes a 
lowered ooefticient. It is obvious that the vacuoles will appear more readily, 
that is, liquid will diffuse more readily into cells which have a lowered 
coefficient of difibsion. 

It is apparent, therefore, that the blood-platelets must be cells, or rather 
must be composed of living protoplasm, for their vacuolation is produced 
experimentally by the action of the i>oi8on, as morphia, in causing the gradual 
approach of death, also lowers the coefficient of diffusion. Morphia lowers 
* * Roy, Soc. Proo,/ B, vol 81, 1909. 
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the coefficient more than any substance that has been tried as yet, and it 
appears to have a greater effect on the cytoplasm than other poisons. As all 
the platelets in a specimen usually become vacuolatetl, I believe that they all 
belong to one class of cell, derived from one source. 

In view of the vacuolation, the precipitate theory of the blood-platelets 
becomes untenable. Another theory, that they are the extruded nuclei of 
red cells, can also, I think, be dimissed. Former researches have shown that 
the nucleus of a cell is its higher centre/' It is difficult to believe that a 
cell can thrust out its nucleus. Moreover, in the paper in ‘ The Journal of 
Physiology,' already referred to, it was stated that the spots in leucocytes 
were never seen to be connected with the nucleus. The platelets, therefore, 
can hardly be nuclei. The nuclear theory is, I believe, the outcome of the 
examination of dead structures. Blood-platelets are never seen emerging 
fropi rtMl-cells when m mtro methods are employe<l. 

I believe that the theory that the blood-platelets are fragments of 
leucocytes is the correct one ; they have the same coefficient of diffusion as 
those cells, and usually contain a few granules which have the same staining 
rate as those of the leucocytes. When blood is placed on jelly which excites 
amosboid movement in leucocytes,* the platelets have been seen to extrude 
and retract pseuclopodia. On a few occasions, a pseudopodium has been seen 
to become 'separated, and the fragment appears to be identical with the 
other platelets seen in the B^KJoimen. It may contain clear cytoplasm, a few 
granules, or even a lobe of the nucleus. 


* ‘Tl)e Lancet,’ January 16, ISKia 
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Further Results of the Experimental Treatment oj Trypano- 
somiasis : being a Progress Report to a Committee of the 
Royal Society. 

By H. G. Plimmbr, F.L.S.. and W. B. Fey. Captain B.A.M.C. 

(Communicated by J. liose Bradford, M.D., Sec. B.S. Beceived June 28, 1909.) 

The following results are a continuation of the work of which summaries 
have already appeared in the ‘ Proceedings of the Boyal Society.’* 

These experiments have been carried out, with the same •strain of Surra as 
was used before, at the Brown Institution and the Lister Institute. 


A . — Coixdition of the Animals living at the Date of the Completion oftlu Tallies 

in the last Paper, 

Rats treated wUh Sodium Antimonyl Tartrate^ 1 per cent. (p. 478)i 
No, 7 died 428 days after inoculation. 

32 „ 409 
„ 35 „ 371 

Rats treated with Sodium Antimnyl Tartrate, 5 per cent., in Colonel Lambhin'a 

Medium (p, 482). 

No. 13 died 216 days after inoculation. 

Rats treated with Antimony (metal), 5 per cent., in Colonel Lamhhin’s Medium^ 

(p. 483). 

No. 10 died 205 days after inoculation. 

„ 17 „ 367 
„ 25 „ 385 
27 „ 399 
„ 29 „ 360 


9t 

II 

>1 


Rats treated with Lithium Antimonyl Tartrate, 0’25 per cent. (p. 486). 
No. 4 died 145 days after inoculation. 

„ 6 „ 229 

„ 6 „ 267 

8 „ 241 
.. 10 „ 209 


n 

n 


* B, vol. 79, 1907, pp. SOO— 016 ; and B, vol 80, 1908, pp. I— -IS and 477—487. 
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Most of the above rats died from cold; none of them died from the 
chaeaBe, and no trypanosomes were found in their blood or organs, and 
inoculations made therefrom were entirely negative. 

l^.^Fwrihtr ErpmwMa, 

Bats treated with Lithium Antimonyl Tartrate, 1 per cent. 

A further series of experiments has been carried out with this substance 
on a large number of rats, giving four doses of 4 to 5 minims (according to 
weight) of a 1 per cent, solution subcutaneously, a dose being given every 
other day. Practically by this method every rat can be cured. They have 
lived for varying periods, up to 249 days, and in no case have trypanosomes 
been found after death in the blood or in the organs. No rat has died of 
the disease, and in no case thus treated has there been a recurrence. The 
results have therefore been more constant than those attained with sodium 
or potaBsium antimonyl tartrates. The treatment was begun on the third or 
fourth day after inoculation ; it will be seen below that when it is left until 
the niunber of trypanosomes in the peripheral blood is very great, although 
they may be driven out of the blood, it does not cure : so that the time at 
which treatment is commenced is of considerable importance. 

It has also been given intravenously in rabbits, but with far less effect 
than when given subcutaneously. The elimination in this case is very rapid, 
to which fact we attribute its comparatively feeble action. 

Rate treated with Lithium Antimonyl Tartrate on the Fifth or Sixth Day of 

the Disease. 

-•The blood at this period of the disease is swarming with trypanosomes, 
and experiments were made in order to see what effect this salt of antimony 
would have upon the disease at this period. If one dose of 6 minims 
of a 1 per cent solution be given the rats die on the seventh day, so that 
littie or no effect is produced. IE two such doses be given, one on the fifth 
and one on the sixth day, the average time of death in 10 rats was 19J days, 
and living trypanosomes were found in the blood at death. When four doses 
were given, one on each day from the fifth to the eighth, the time in three 
rats was lengtliened to 81 to 86 days : in one of these even living trypano- 
somes were found in the blood after death. By comparing these results with 
those mentioned in the former section it will be seen that the time at which 
tiiC adsaainiskation of the drug is begun is of importance, os well as the 
number of doses* The animals stand the best chance of cure when no 
recurrences taJce idaoe» and this is best ensured by the method described in 
the previous aeotiom 

VOL. 2 n 
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Fv/rth&t e^erments made with Reds treated with AiUimony in order to find 
ont in what Organs the Trypanosomm are laient 

Following on the experiments made on rats treated with sodium antimonyl 
tartrate, with the view of finding out where the trypanosomes are latent, and 
recorded in the last paper,* a further series of experiments has been made 
on rats inoculated with Surra, which is more amenable to treatment with 
antimony than the Nagana used in the former series, and completely 
treated (that is, given a curative series of doses) with lithium antimonyl 
tartrate: this, as stated in the paper referred to, appears to be the most 
active of this variety of salt 

Seven rats were treated with four doses of 5 minims of a 1 per cent, 
solution of lithium antimonyl tartrate, and they were killed in succession, 
one on the 6tb, 7th, 10th, 14th, 16th, 22nd, and 30th days after tlio last 
dose. The livers and bone-marrows were made into an emulsion with the 
minimum quantity of 0*89 per cent salt solution, and 1 c.c. of the emulsions 
of these organs and 1 ac, of heart's bloqd was injected separately into other 
rats. The results were entirely negative. Microscopic preparations were 
made of the material injected and no organisms were seen, and none of the 
sub-inoculations gave a positive result. 

« 

EseperimenU made in order to see if any Protection was afforded by Initial 
Treatment with Antimony, 

A series of six rats was treated with four doses of 5 minims of a 
1 per cent, solution of lithium antimonyl tartrate, one dose every other day 
in the same manner as when given for curative purposes. They were thitn 
inoodated with Surra, one on the first day after the completion of the treat' 
ment, and one on the 2ud, 4th, 5th, 9th, and 10th days after. They all died 
on the 5th or 6th days after inoculation, just as untreated rata would have 
done, so that antimony in this very soluble form is of no protective use in 
rats, owing moat probably to its rapid elimination. 

The blood of an. uninfected rat treated as above has also been used in the 
in vitro experiments recorded below. 

Mats treated vrith Sod/ium Antimony Lactate and with Antimony Sodium 

Calcium Lactate. 

Through the kindness of Messrs, von Heyden we have been enabled to 
make some experiments with the above compounds. The sodium antimony 
lactate contains 26 per cent, of antimony, and the antimony sodium calcium 
* ‘Roy. Soc. Proc,,' B, voL 60, p. 487. • 
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lactate 17 per cent,» so they are both much weaker in antimony than the 
tartrates which we have used* By the addition of a small quantity of laetic 
acid we were able to get a 1 per cent, solution of both salts, and in this 
strength the solutions were not very irritating, but neither with rats nor with 
larger animals are they as effective as the tartrates or the metal. 

The following table shows the results obtained with sodium antimony 
IswJtate 1 per cent. 

Average duration of untreated disease 6*9 days ; — 


Kate of 150 to 
200 grammes 
weight. 

Number of doeee, 
and quantity. 

Keourrenoos. 

Lhed. 

Kemarke. 

X 

2 of 4 minime 

0 

9 days 

Died from enteritis. 

2 

4 of 4 „ 

0 

1 20 „ 

Died from retained feetue. 

8 1 

4 of 4 „ 

1 

! 87 „ 


4 

5 of 4 „ 

1 

46 „ 


6 

6 of 4 „ 

2 

100 „ 

1 (No trypanosomes found 
in any of these rats after 

6 ! 

4 of 5 „ 


74 

1 

6 of 6 „ 

1 \ 

48 „ 

death.) 


The following table shows the results obtained with antimony sodium calcium 
lactate 1 percent. 

Average deration of untreated disease 6*9 days : — 


Kats of 160 to 
200 grammes 
w'eight. 

Number of 
doses, and 
quantity. 

Keour- 

•rences. 

Lived. 

Kemarks. 

1 

8 of 4 minims 

1 

88 days 

No trypanosomes found posf mortem. 

2 

4 of 4 ,, 

0 

25 „ 

Living trypanosomes found mortem. 

8 

6 of 4 „ 

2 1 

9^ 1 

No tryi^anosomes found post mortem. 

4 

6 of 4 „ 

2 i 

46 „ 1 

V t> >> 

6 

6 of 6 „ 

2 1 

04 j 

)) M n 

6 

6 of 8 „ 

2 


» „ „ 

7 

8 of 6 „ 

2 ! 

67 „ j 

t* 

8 

4 of 7 „ 

0 I 

m „ 1 

») M M 


On dogs the effect was very much less marked than on rats, and an 
effective dose became inconveniently lai^. 

The following experiments show the relatively greater time taken for these 
salts to act, as compared with the sodium or lithium antimonyl tartrates, 
which drive all the trypanosomes from the peripheral blood in about an hour 
after the dose, 

A Surra rat was taken on the fourth day, when the trypanosomesl are 
nnmerous in the blood, and 5 minims of a 1 per cent, solution of sodium 
antimox]^* lactate were injected. 


2 D 2 



858 Mr. Plimmerand Capt. Fry. Further Reaulbi of [June 28, 


Blood watt takttn 
^ hour after injection,,. 


1^ hours 


2i „ 


and showed the following : 

Trypanosomes affected by the drug : are extremely 
active, and show a tendency to swell 

Very few normal trypanosomes to be seen : nearly 
all are swollen and spherical in shape 
(s=s “ battledores”). Still large numWs. 

Much smaller number of trypanosomes to be seen : 
a few “ battledores ” : a few motionless ones, 
and one or two normal forms. 

Battledores ” have all disappeared : one or two 
slowly moving normal forms seen. 

Ditto. 

No trypanosomes found. 


A similar exi)erim 0 nt made with a rat treated with antitnoiiy sodium 
calcium lactate yielded practically the same result. Further experiments 
made with these drugs in vUro will be mentioned later, 

Exfperimen made with Antimony {Metal in state of finest Division) suspended 

in various Oily Mcdia» 

Since the curative results following treatment with the metal antimony* 
suspended in Colonel Lambkin’s medium seemed promising, many trials have 
been made with the metal suspended in other oily media, such as olive oil, 
cod liver oil, lanolin, egg-yolk, etc., in order, if possible, to obviate, or at any 
rate reduce, the extremely irritating properties of the metal, which seriously 
interfere with its practical use. 

In olive oil a 6 per cent, suspension was used : with one dose of 3 minijps 
Surra rats lived for 15 days, and died with living trypanosomes in their 
blood. Seventeen Suitu rats were given one dose of 5 minims on the fourth 
day of the disease, and they lived from 41 to 133 days : in these there were 
no recurrences, nor were trypanosomes found after death, and sub-inoculations 
were in every case negative. Six Surra rats were treated with the same 
dose in order to observe the time taken for the complete disappearance of 
the trypanosomes from the blood. 

Blood was token and tthowed the follqwiiig : 

J hour after injection. .. Trypanosomes very active. 


1 » 

ft 

... As numerous : show evidences of swelling. 

hoars 

u 

. . . Still niimerons ; nearly all swollen : some " battle* 
(lores.” 

2 „ 

>1 

. . . Very few forms found : all " battledores.” 

Si 


... No trypanosomes seen. 

♦ ‘ Roy. 8oc. Proc.,’ B, v«l. 80, p. 48S. 
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Two Surra rats were taken on the fifth day, when the blood was swarming 
with trypanosomes, and 6 minims were given. Two and a-helf hours after the 
rats were killed, and smears were made from the lungs, liver, spleen, kidney, 
bone*marrow, heart's blood, and brain. In none of the specimens could a 
trypanosome be found after prolonged examination. 

This oil was also given to several rats upon recurrences after treatment 
with small doses of the lactates mentioned above : in these cases the effect 
was much less marked, even although the number of trypanosomes in the 
blood was much less than in the rats treated for the first time. This accords 
with our general experience that recurrences are much more difficult to deal 
with than the initial infection, and this applies to all the drugs we have 
tried. 

A suspension in cod liver oil took four hours to drive the trypanosomes 
out of the peripheral blood. 

The suspension in egg-yolk appeared to act in rats better than any other ; 
in dogs, however, the results were variable ; sometimes strikingly good, at 
others no better than the other mixtures : sometimes causing great inutation 
and sloughing, sometimes not causing any irritation at all. We have rats alive 
for more than 120 days after inoculation, with no recurrences, after one dose. 

An experiment was made to see how long one dose took to drive the 
trypanosomes out of the blood. A Surra rat on the fourth day was treated 
with 5 minims of a 6 per cent, suspension. 

Blood was taken and showed the following : 

J hour after injection... Trypanoaomes muoh affected, but not decreased. 

• Many " battledore ” forma 

li hours „ ... Trypanosomes reduced in numbers: all swollen 

and “ battledore ” forms : very little movement. 
2i „ „ ... No trypanosomes found. 

Experiments vnth Quassia. 

Dr. Guillemard, of Cambridge, suggested that quassia, on account of its 
known poisonous effects on some of the lower forms of life, should be tested 
for its trypanocidal qualities. A series of experiments was therefore under- 
taken on rata. 

Six Surra rats were treated on the third and following days of the 
disease with a 6 per cent, solution of the pharmacopoeal extract of quassia : 
they Were givmi< three doses subcutaneously — 6 minims on the third day, 
10 minims on the fourth, and 10 minima on the fifth day. The trypanosomes 
were entirely unaffected, and the animals died on the sixth — seventh day. 
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Another series of 12 Surra rats was treated with a two hours' decoction of 
quassia-wood made with the minimum amount of water. Of this three doses 
were given — 6 minims on the third day and 10 minims on the fourth and 
fifth days. The trypanogomes in these rats were also entirely unaffected, and 
the animals died on the sixth — seventh day. It was also tried intravenously 
in rabbits in doses of 30 minims of the decoction : no effect was produced, and 
the rabbits died on or about the 42nd day. 

Experiments made in vitro correspond with these results, and will be 
described later. 


JSxperirneMts with Arsenophenylglycin, 

Professor Ehrlich kindly sent some of this substance to Dr. Bagshawe, the 
Director of the Sleeping Sickness Bureau, with which we have made some 
initial experiments upon rats. Ehrlich found that Nagana mice could be 
cured, in practically every case, with this substance. But the effects on 
larger animals, so far as we have gone, are not quite so satisfactory, and it 
comjmres in this undesirable manner very well with the antimony tartrates, 
with which we can cure practically every case of Surra in rats, but which do 
not have anything like the corresponding effects on rabbits, guinea-pigs, and 
dogs. It is not only in the question of practical dosage that difficulties arise : 
each kind of animal has a personal equation, and their reaction to a given 
drug is not similar. This, and the relatively larger dosage in bigger animals, 
present considerable practical difficulties in the treatment of trypanosomiasis. 
Our experiments have given the following results. Out of eight Surra 
rats of 180 to 200 grammes weight which were given one dose of 
25 minims of a 1 in 80 solution of arsenophenylglyoin, four died on The 
19th day with living trypanosomes in their blood, the recurrences having 
taken place on the 16th — 17th day. Two were given three and five doses 
respectively of 5 minims of a 1 per cent, solution of lithium antimonyl 
tartrate on the 17th and following days, and they lived 59 and 61 days. Of 
the two which are still living (95 days), one has had five doses of 6 minims 
of a 1 per cent, solution of lithium antimonyl tartrate, beginning on the 
17th day, and the other had one similar dose given on the day before the 
recurrences occurred in the other rats. 

The following experiment shows the effect of this substance upon the 
trypanosomes in the blood, and bow much longer it takes than the antimony 
salts to produce its effects. 

A Surra rat on the fourth day of the disease was treated with 1 ac, of a 
2 per cent, solution of arsenophenylglyoin (practically the same dose as given 
to the other rats). 
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Blood was taken 
J hour after injection. . , 

1 » II ■ . . • 

2 hours 


4 


» 


tt 




6 


ff 


and showed the following : 

Trypanosomes showed slight increase of motility. 
Ditto. 

Ditto, but more marked. 

Trypanosomes not quite so active and fewer in 
number. 

Trypanosomes now very few in number. 

Only one or two trypanosomes to be seen in a 
preparation, 

No trypanosomes seen. 


In those specimens no swollen, breaking up. or battledore ” forms were 
seen : the trypanosomes simply disappeared. 


On the Effects of the Drugs wed upon the Ti^panommee in the Living Body. 

In studying the therapeutic effect of the various drugs tried, including 
metallic antimony in a state of finest division, repeated observations of the 
periplieral blood were made in order to observe the effect of the drug upon 
the trypanosomes, and to ascertain when the trypanosomes entirely dis- 
appeared from the blood. The first stage noticed of the effect of the drug 
was a great increase in the motility of the trypanosomes, followed by a gradual 
slowing down to movements slower than normal At this stage thei^ is a 
tendency for the whole trypanosome to swell, and to become bloated in 
api>eaTance, The swelling of the trypanosome continues until it becomes 
almost spherical in form, or oftener “ battledore '' shaped ; the protoplasm 
becomes indistinct, and the flagellum appears to be attached to only one side 
of the jwiphery ; the macro-nucleus is fairly distinct, but it eventually breaks 
up, and then the swollen mass disintegrates. The spleen at this time is full 
of these broken up masses of trypanosomes, and as the nuclei will still stain, 
a plasmodial appearance is seen in films of bits of nuclei dotted about in a 
granular ground. These stages can be observed after treatment with all the 
salts of antimony used, and are well marked after the administration of the 
metal, in which case, however, the stages are slower. The soluble salts, 
lithium and sodium antimonyl tartrates, effect the total disappearance of the 
trypanosomes in about one hour. Metallic antimony, when given in the 
various media tried (Lambkin's medium, olive oil, cod liver oil, heavy paraffin 
oil ogg-yolk), brings about this disappearance in from two-and-a-half to four 
hours, according to the medium used: the first noticeable effects being 
produced in about half an hour. In the case of egg-yolk and olive oil the 
blood is free from trypanosomes in two-and-a-half hours. This would seem 
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to show that some portion of the metal introduced must be changed into 
some soluble form very rapidly; but apparently after the reaction of the 
tisRues occurs the antimony becomes more or less shut off, and absorption 
must take place very slowly, as traces of the metal, apparently unaltered, 
have been found as late as six to seven weeks after the injection. 

Sodium antimony lactate and antimony sodium calcium lactate wore 
found to act rather more slowly than the above (see Table above), the time at 
which the trypanosomes had completely disappeared varying from three to 
four hours. 

It was noticed in these experiments that trypanosomes, though obviously 
drug-aflected when the blood was taken, remained alive on the slide outside 
the body for a long time after all forms had disappeared from the circulating 
blood. 

Further details of the time taken for the various drugs to act will be 
found in the sections upon sodium antimony lactate, antimony oil, antimony 
egg-yolk, and arsenophenylglyciu. 

On the Action of Trypanocidal Suhsiances in vitro. 

Experiments have been carried out with a view of throwing light on the 
more exact nature of the changes which are produced in trypanosomes when 
they are brought into contact witli trypanocidal substances. The general 
principles we have observed in these experiments have been ; 1. To dissolve 
the drug in some fluid so that when it is added to the infected blood it will not 
cause osmosis to occur in the cellular elements of, or trypanosomes contained 
in the blood. (The various substances were dissolved in a 0*89 per cent, salt 
solution, isotonic with rat's blood which was used in these experiments^ 
2, To use always equal volumes of the solution and of the affected blood. 
3* To use blood at the time when the trypanosomes are just becoming very 
numerous, so as to avoid the presence of old, feebly moving forms, which are 
always present in the later stages of an acute infection. The method of 
observation has been to watch the behaviour of the trypanosomes when in 
contact with the various solutions of the drug under the microscope. 
A measured drop of blood and of the solution are mixed on a slide with 
care : the mixed drop is then covered with a sufficiently large cover glass, 
and this is sealed with vaseline. 

It has been found possible in this manner to exactly determine the 
dilutions at which the various drugs used cease to have an instantaneously 
trypanocidal action ; further, in higher dilutions, by carefully watching the 
changes taking place in the trypanewmes, it is possible to determine the 
dilution at which no effect is produced, and between these two points 
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the periods of time necessary to ensure immobility and death of the 
trypanosomes can bo ascertained By a comparison of the results obtained 
a very good estimate of the probable action of any drug when given to an 
affected animal can bo arrived at. 

For instance, sodium and lithium antimonyl tartrates were found to act, in 
the same dilutions, in a manner fairly comparable to their antimony content,, 
and to their action on the trypanosomes in an affected animal. Again, with 
atoxyl a much higher concentration of the drug was necessary — it had to be 
about ten times stronger — in order to obtain the same destruction pictures^ 
results corresponding with the rapidity of the disappearance of tryi>anosome» 
from the peripheral blood of affected animals when treated witli the above 
drugs. 

In the case of the two new lactates mentioned above, their therapeutical 
value was accurately foretold by a preliminary study of their action in vitro 
in the manner described. In all these experiments controls have been 
carried out : it has been found that trypanosomes will live and retain their 
activity for hours when infected blood and the diluting fluid alone are mixed 
together. 

The various changes taking place in trypanosomes on coming into contact 
with a dilute trypanocidal drug, commencing with their preliminary extra- 
ordinary increase of activity, and their subsequent swelling up, immobility, 
and disintegration, can be watched in all their different stages in this 
manner. These effects resemble very closely the changes which take place in 
the trypanosomes in the peripheral circulation of an animal treated with 
antimony, 

^The following tables show the effects produced by the different substances 
in their various dilutions. 


Dilutions of sodium antimonyl tartrate in 0*89 per cent, salt solution 
mixed with Surra rat’s blood, in equal parts. The control in all cases is 
equal parts of blood and 0*89 per cent, salt solution. 


Dilutions. 

Time. 

Control. 

1—600. 

1—1000. 

1---5000. 

1—10,000. 



Few actire Jfoim# 

Tiypanosomea eotire 

1 min. 

Very active. 

1 

i> 


Motionless 

Few aotive forms j 
rest sluggish 

10 mins. 

1 

' M 

*> 


« 

All sluggish 

80 „ 

i tt 

h 

*» 

’’ 

Motionless 

1 hour 

1 >» 

1 
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Dilutions of lithium antimonyl tartrate in 0'89 per cent, salt solution 
mixed with Surra rat’s blood, in equal parts. 




Dilutions. 


Time. 

OontroL 

1—500. 

1-1000. 

1—5000. 

1—10,000. 

1—20,000. 

Motion* 

less 

Motion- 

less 

Borne BO tire 
trypanosomes 

Active trypanosomes 

Very active 
trypanosomes 

1 min. 

Very aoHye, 

i 

ti 

Motionlosa 

Some active 
txypanosomes 

Many active 
trypanosomes 

10 mins. 

II 

It 

t» 

II 

Practically no motile 
trypanosomes seen, 
only 1 or 2 in a slide. 
Tendency t-o clump 

Few active 
trypanosomes 
seen, Tendency 
to clump 

80 II 

II 

» 

ti 

•» 

Motionless 

1 

1 or 2 active 
forms seen. Rest 
motionless 

1 hour 

II 


In a dilution experiment with lithium antimonyl tartrate made with the 
blood of a Surra rat after a second recurrence, after treatment with antimony 
(metal) and on first recurrence with lithium antimonyl tartrate, the 
trypanosomes in vitro appeared to have a greater resistanoe to ^ the dilate 
drug than the stock strain. 

A comparison of the following table with the previous one will demonstrate 
this : — 


Dilutions. 

Time. 

1—1000. 

1—5000. 

A few active forms present 

Motionless 

A number of active forms present 

A ffiw active forms seen.,,,„, „ 

1 min. 

10 mins, 

«0 



9$ *******aa*#4*a4j 

Motionless j 


This bears out our experience that the recurrences become less and less 
amenable to antimony as they increase in number. 

The following table shows the action of atoxyl and lithium antimonyl 
tartrate compared in the above manner : — 
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DiluMont of atoxyl. 

Time. 

Dilutions of lithium antimonyl tartrate. 

1 — eoo. 

1-.1000. 

1—6000. 

1--600. 

1— GOOD. 

1—10,000. 

' 

TipypanoBomoa, 
all aotire 
Aotiro bul; 
aff acted 

Jj©8B active 

Praotioalljr 

iiJotionlesB 

Active 

n 

Sluggish, but 
still many 
active 
Nearly all 
motionless; 

1 or 2 active 
forms seen : 

Active 

» 

1* 

Many 

moving 

still 

1 min. 

6 mins. 

16 „ 

2 hrs. 

Trypanosomes, 
all motionless 
Motionless i 
commencing 
disintegration 
Only (l(^bri9 

1 seen 

1 *» 

1 

1 

i 

1 

i 

All markedly 
affected 
Motionless 

Disintegrated 

All fairly active. 

Less active. 

Some still moving; 
tendency to clump. 

Motionless ; some 
disintegration. 


Concentrated decoction of quassia in 0*89 per cent, salt solution mixed 
with Surra rat’s blood in equal imrts. 


Dilutions, 

Time, 

Control. 

1—500. 

1—1000. 

1—6000. 

1—10,000. 

Very active 

Very active 

Very active 

Very active 

1 min. 

'V 

Very active. 

M 

t* 

ti 


10 mins. 

ff 

' J* 

If ^ 

It 

ft 

80 „ 

If 

M 

M 

f» 

»» 

1 hour 

ff 

Less active 

Loss active 

Less active 

Less active 

2 hours 

Less active. 


* The conditions of the dilutions and the control were precisely similar at 
the end of two hours. There was no swelling nor clumping. 

Dilutions of arsenophenylglyciri in 0*89 per cent, salt solution mixed witli 
Surra rat’s blood in equal parts. 



Dilutions. 



Time, 

Control. 

1— 100. 

1—600. 

1—1000. 

1-^5000. 

1».10,000. 

Veiy active 

Very active 

Very active 

Very active 

’ 

Very active 

1 min. 

Very active. 

Irritatfd 1 move^ 

Activity 


fj 


10 mins. 

** 

niantsiapidand 
oonvulsiva 
Nearly ittotion- 

increased 

Sluggish 

*• 

$* 

fi 

80 „ 

\ 

less 

Motionless I 

» 

If i 

» 

ft 

1 hour 

i 

1 

1 
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ExperimenlH iu vitro performed with the Blood of a Nomal Red which had 

been treAited with Antiinmy. 

Experiments were made in order to ascertain whether the blood of a rat 
which had been treated with antimony woiald show any active trypanocidal 
powers in vitro. Although in the case of an infected animal all the 
trypanosomes in the peripheral blood would have been destroyed in about 
an hour, no noticeable trypanocidal effects were shown by the blood of a 
treated rat iu the following experiments. 

A normal rat had 5 minims of a 1 per cent, solution of lithium antimonyl 
tartrate injected subcutaneously : its blood was taken at 15, 30, 60, and 
70 minutes after the injection, and was mixed with an equal quantity of 
blood from a Surra rat containing many trypanosomes ; the mixed bloods, 
taken at the times mentioned, were examined under the microscope at 
various intervals from 5 to 30 minutes after the mixing, and the 
trypanosomes were found to be entirely unaffected, so that the blood of the 
treated normal rat did not have any trypanocidal effect added to it by the 
dose of lithium antimonyl tartrate. The Surra rat, whose blood was used 
for this experiment, was then given 5 minims of a 1 per cent, solution of 
lithium antimonyl tartrate : — 

Blood was taken and showed the following : 

10 minutes after injection... Trypanosomes affected : movement very rapid. 
20 „ „ ... Many “ battledores.” 

40 „ „ ... Trypanosomes greatly decreased in number 

all " Imttledores.” 

60 „ „ ... Blood quite free from trypanosomes, * 

A normal rat was given four doses subcutaneously, one every other day, 
of 5 minims of a 1 per cent, solution of lithium antimonyl tartmte: 
24 hours after the last dose a drop of its blood was mixed with a drop of 
blood from a Surra rat in which trypanosomes were plentiful The mixture 
was watched under the micro8oo|)e for half an hoar, but no effect was 
produced : the blood of the treated animal behaving just as the blood of tlie 
control, an untreated rat. 

A normal rat was given subcutaneously 10 minims (a lethal dose) of a; 
1 per cent, solution of lithium antimonyl tartrate, and its blood was mixed • 
at half an hour, one hour, and one-and*a-half hours after the injection with : 
an equal part of an emulsion of trypanosomes prepared from the lungs, liver, 
and heart’s blood of a Surra rat just dead. Each of the mixtures was 
examined up to SO minutes, but no effect whatever was produced on the 
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trypanosomas* These experiments may be compared with those recorded 
on p, 366. 

Easperwimts with Antimony v^pon Dog&, 

Since the date of the last pa])er a large number of experiments have been 
made with antimony in various forms upon dogs suffering from Surra. Of 
the five dogs mentioned there one remains alive and well at the present 
date, more than a year after inoculation. 

Our experiences with dogs sliow that they are extremely susceptible both 
to the diw^ase and also to antimony : they are therefore not quite suitable 
animals for those experiments, although they have all lived many times the 
length of the untreated disease, that is 14 days. Five of the dogs were 
treated with small doses of sodium antimonyl tartrate in their drinking 
water, but the disease is so acute in dogs that this method of giving the 
drug, although it appeared to have some effect in postponing the reappearance 
of the trypanosomes in the blood, did not produce results sufficiently 
encouraging to warrant further experiments. 

With regard to the experiments made with metallic antimony suspended 
in egg-yolk, the initial experiment was so encouraging as to make a further 
trial necessary. In this case the dog at the first relapse was given 
20 mininfs of a 2^ per cent, suspension : there was no local reaction, which 
in dogs is of frequent occurrence after the administration of antimony in 
any form, and the trypanosomes, whiclx were very numerous, were entirely 
absent from the blood in 24 hours ; the dog remained quite free from them 
for 48 days, and gained 3 lbs. in weight, and appeared perfectly well. The 
Tecurrence was very sudden, as the dog was perfectly well up to the moment 
when he was seized with a series of fits which ushered in the recurrence, 
from which he did not recover. A rat treated at the same time as tliis dog 
with 6 minims of the same suspension is alive and well more than 100 days 
after this one dose. 

Many of the dogs mentioned in the table below have died with fits and 
paralyses and other nervous symptoms, but we are not certain whether these 
are due to the disease or to the antimony. In certain of tlie dogs the 
treatment has appeared to alter the acute disease into a chronic one, and in 
one of these more chronic cases there was a considerable excess of cerebro- 
epinal fluid and a cellular exudation around the vessels in the brain, very 
similar in incidence and extent to that described and figured by one of us 
in rats dead from infection with Trypanomna gawUeim.^ 

There is a curious uncertainty in the local effects produced in dogs by 
♦ * Boy. 8oc. Proc./ B, vol. 79, p. 95. 
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antimony, ivhether injected subcutaneously or intramueoularly, and they 
vary from time to time in the same dog; sometimes little or no effect is 
produced, and sometimes the suppuration and necrosis produced are sufficient 
to kill the animal. 

We have recently given* 24 injections of lithium antimonyl tartrate sub- 
cutaneously to three dogs in the greatest possible dilution : of these three 
places have suppurated slightly, although the conditions under which they 
were given were similar to those under which the 21 other doses were given. 
(These dogs are now living and well 53 days after inoculation, and they have 
had no recurrences.) 

The following table gives a synopsis of the treatment, etc,, of Surra 
dogs ; — 



Average Duration of Untreated Disease, 14 Days. 
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Average Duration of Untreated t)isease, l4 day 
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rjpanosoixies practicsally nerer out of blood. Hied on tbe 37th 
day, pamljsed^ 
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Observations on the Urine in Chrome Disease of the Pancreas. 

By P. J. Cammidge (MJ). Lond.). 

(Communicated by Sif Victor Horsley, F.R.S. Received April 5, — Read 

May 20, 1909.) 

Modern researches on the physiology of the pancreas liave shown that it 
plays a much more important part in digestion than had formerly been 
supposed, and also indicated that it exerts a very considerable influence on 
the internal metabolism of the body. The present investigations were 
commenced early in 1901, at the suggestion of Mr. Mayo Robson, with the 
object of throwing further light on the nature of these metabolic processes 
and discovering, if possible, some more reliable means of diagnosing diseases 
of the pancreas than is usually aflbrded by the clinical signs. 

The condition of the blood in patients suffering from diseases of the 
pancreas was first investigated, and subsequently attention was devoted to 
the urine. The clinical bearing of the results of these observations has 
been dealt with in my Arris and Gale Lecture, and Mr. Robson’s Hunterian 
Lectures, delivered at the Royal College of Surgeons in 1904,* and also in 
a paper I read before the Royal Medical and Chirurgical Society in 1906.t 

In the course of a series of experiments designed to discover whether 
glycerine, the soluble product of the disseminated fat necrosis met with in 
pancreatitis, or some derivative of it, was excreted by the kidneys, I found 
that if the urine of a person suSering from an inflammatory affection of the 
pancreas were boiled with hydrochloric acid, the excess of acid neutralised 
with lead carbonate, and the freed glyouronic acid precipitated out of the 
acid solution with tri-basic lead acetate, treatment of the filtrate with 
phenylhydrazin yielded a crystalline product which appeared to vary in 
amount with the stage and intensity of the disease, while normal urines and 
specimens from patients suffering from diseases in which there was no 
reason to think that the pancreas was involved gave no reaction. In this 
communication 1 propose to describe a series of experiments I have 
conducted into the nature of this product, and also tbp results of animal 
experiments designed to discover whether the reaction depended upon 
changes in the pancreas itself or was due to alterations in the otlier tissues 
of the body brought about by a disturbance of its metabolic functions. 

For the purpose of the former investigations 4 litres of urine from. 

* ' Lancet,’ March 19, S6, April 2, 1904. 

f ‘Boy. Med. Chi. Soc..Trana.,’ 1900. 



Urine in Chronic Disease of the Pancreas, 373 

each of eight patients, \mder the care of Mr. Mayo Kobson, were collected 
and separately examined, but as the methods employed and the results 
obtained were similar in all it will not be necessary to deal with them 
individually. The diagnosis of ** pancreatitis " in these cases was baaed upon 
the clinical symptoms, analyses of the feces, and the condition of the 
pancreas foiuid at operation, while in one instance it was confirmed by 
histological examination of the gland after death. In five the piincreatitis 
was associated with, and was probably dependent upon, the presence of 
gall-stones in the common bile duct ; two had had symptoms of indigestion 
for several years, which in one was believed to have originated in an attack 
of typhoid fever, and in the other had come on insidiously, but was 
associated with evidence pointing to excessive putrefactive cliangee in the 
contents of the intestine and an abnormal intestinal flora. In one there 
was sub-acute pancreatitis with disseminated fat necrosis, and an impacted 
gall-stoUc in the ampulla of Vater; post-mortem examination in this case 
showed an abscess in the tail of the pancreas and staining of the walls of the 
duct of Wirsung, with bile for a distance of about 3 inches from its junction 
with the common bile duct. Sections of the gland on microscopical 
examination showed a considerable over-growth of the interlobular connec- 
tive tissue with some small round-celled inflammatory infiltration and 
vacuolisation of the acinar cells, which stained feebly. 

The urine from these patients, which had been preserved with chloroform, 
was filtered to remove suspended matter, and to the 4 litres were added 
400 c.c. of hydrochloric acid (sp. gr. 1*16). The mixture was placed in 
a flask with a funnel in the mouth to act os a condenser, and the flask 
hdhted on a sand-bath until the contents boiled. After being kept gently 
boiling for#10 minutes the flask was cooled in running water, the urine 
made up to its original volume with distilled water, and the excess of acid 
neutralised by slowly adding 1600 giu-mmes of lead carbonate. On the 
completion of the reaction it was filtered through a moist filter-paper, and 
the acid filtrate shaken with 1600 grammes of tri-basic lead acetate. The 
filtrate from this was mode alkaline with ammonia, and the resulting 
precipitate washed with distilled water until the washings no longer acted 
upon red litmus paper. The precipitate was then suspended in 200 c.c. 
of distilled water, made faintly acid with hydrochloric acid, treated with 
a stream of sulphuretted hydrogen, and the precipitated loud sulphide 
removed by filtration. Tlie clear filtrate was gently warmed on a water- 
bath and, when free from sulphuretted hydrogen, was again well shaken 
^ith 30 grammes of tri-basic lead acetate, filtered, and the filtrate made 
dkoline with ammonia. The precipitate that formed, after being washed 

2 K 2 



374 


Dr. P, J. Cammidge. Observations on the [Apr, 5, 

with distilled water until the washings were neutral to litmus, was 
suspended in 100 c.c. of distilled water, treated with sulphuretted hydrogen, 
filtered, and the filtrate gently wanned to expel the excess of gas. It was 
then cooled and again filtered. The resuUmg clear solution was then 
examined as follows : — 

A. Tlie fluid gave all the usual carbohydrate reactions: Molisch's test 
was positive ; heating with concentrated sulphuric acid caused it to quickly 
blacken ; Moore's test gave a brown coloration ; Tolien's ainmoniaoal silver 
nitrate solution showed a black precipitate at room temperature in a few 
minutes ; alkaline solutions of copper sulphate and bismuth were readily 
reduced, but a solution of copper acetate in acetic acid (Barfoni’s test) was 
not reduced, showing that the carbohydrate was not dextrose. The presence 
of free aldehyde was excluded by the absence of any reaction with a solution 
of rosaniline decolorised by sulphur dioxide. 

B. Examined with the polariscope the fluid was found to be optically 
inactive. 

C. Fifty cubic centimetres of the solution were mixed with 2 grammes of 
phenylhydraziu hydrochlorate and 6 grammes of sodium acetate, and heated 
in a water-bath at 100® C. for two houra On cooling, a dense flocculent 
light yellow precipitate appeared. Microscopically, this was found to 
consist of long, flexible, hair-like crystals, which, on being imgated with 
33-per-cent, sulphuric acid, disappeared within a few s^nds of tlie acid 
reaching them, suggesting that they were either a pentosazone or 
maltosazone.^ The precipitate was filtered off, well washed with cold 
distilled water, and recrystallised from hot 10-per-oent. alcohol three times. 
It was then dried in a hot-water oven, cooled in a desiccator, and examinSd. 

(1) The crystals were found to be soluble in water at 60® to 70® C., like a 
pentosazoue.f 

(2) A melting-point of 178® to 180® C. was obtained with seven of the 
specimens ; one, that obtained from the patient with sub-aoute pancreatitis, 
softened at 160® C., but did not completely melt until the temperatute 
reached 178® to 180® C. 

(3) Estimation of the nitrogen-content by Dumas's method gave 17*02 per 
cent., 17*01 per cent., 16*62 per cent., 17*00 per cent, 16'40 per cent., 
16*86 per cent., 17*11 per cent., 17*08 per cent, of nitrogen, readings which 
fall within the limits of experimental error of the calculated 17*07 per cent, 
of nitrogen for pentosazcme. 


* *3^y. Med. Chi. Soc. Trans,/ vol, 88, p, 28S. 

+ Neubauer and Vogel, ‘Analyse des Harns,’ 1888, p. 88. 
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1). The aniline acetate test, when applied to the original solution,* gave a 
uniform bright red colour. The phloroglucin test was also positive, showing 
a bright red colour at the boiling-point and forming a dark purple precipitate 
after boiling for about one minute. Spectroscopical examination of a 
solution of this piecipitate in 93-per-cent, alcohol revealed an absorption 
band in the green, to the right of D. Tollen’s orcin test, and Biars reagentf 
gave a dull red-brown colour and formed a precipitate, but no green tint 
was observed. An extract of this made with four parts of amyl alcohol and 
one part of ethyl alcohol showed, however, a dark band between C and 1) 
when it was examined with the spectroscope. The solution sliowed no gas 
formation or diminution of its reducing powers after being incubated with 
brewer’s yeast for 24 hours at 37° 0. 

These results indicated that the fluid prepared in the manner described 
from the urine of patients having the clinical signs and symptoms of 
pancreatitis contained an unfermentable sugar giving the reactions of a 
pentose, A careful examination of the urine in these cases, and also in 
over 500 others that have given a positive " pancreatic ” reaction, failed to 
reveal any free sugar to which the reaction might be due, and it was 
therefore evident that the pentose was nut free as such in the urine, but 
was derived from some antecedent substance in the course of the reaction. 
Numerous attempts have been made to isolate this and determine its nature, 
but so far without success. It does not appear to he precipitated by 
alcohol, ether, ammonium sulphate, magnesium sulphate, lead acetate, 
mercuric chloride, or calcium chloride. Treatment of the urine with 
benzoyl chloride and sodium hydrate has also given negative results. 

Beside the case already mentioned, in which a detailed examination of 
the panoreSs was made, it has been possible to investigate the condition 
of the gland after death in 26 others in which the urine had been examined 
during lifa In 9, where no reaction had been obtained, it ap|)eared to be 
normal both maorosoopioally and microscopically. In 13 there was evidence 
of chronic inflammation : these had all given a positive reaction. Four 
proved to be cases of cancer of the pancreas, 2 of these had given a positive 
reaction and 2 a negative result. Of the 13 that showed chronic pancreatitis, 
12 were of the typical interlobular type, and I was in an early stage of 
inflamxnation with no marked increase of fibrous tissue, but an interlobular 
and interoollular infiltration of small round cells and granular changes in 
the acinar cells. 

The occurrence of this reaction in the urine of patients who presented the 

* UuUikin, ‘ Idamifieatiou of Pure Organic Compoande,’ 1904, p. 33. 

t ‘ZleatwlL lied. Wooh.,’ 190S and 1003. 
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clinical symptoms of pancreatitis, and its absence in those whose pancreas 
was not apparently diseased, together with the post-mortem evidence I had 
been able to obtain, suggested that it was due either to some degenerative 
change in the tissues of the pancreas or to a disturbance of metabolism set 
up by disease of the gland. To decide this question, and also to obtain 
confirmation of the dependence of the reaction upon disease of the pancreas, 
I arranged a series of experiments upon animals, the surgical part of which 
was kindly carried out for me by Mr. H. C. Gl. Semon, in the Pathological 
Department of the University of Freiburg. A detailed account of these 
experiments will be given subsequently, and I shall now only deal with those 
points that bear upon the questions at issue. 

The urine from the dogs employed for the experiments was drawn by 
catheter both before and after the operations. Each specimen was shaken 
with a few drops of chloroform, sealed in a glass vessel, marked with a 
distinguishing number and letter for subsequent reference, and despatched 
to me in London. 

The normal urine, taken before operation, gave no reaction in any of the 
dogs examined, 

(I) A sub-acute pancreatitis was set up in the first dog by injecting a very 
small quantity of turpentine, loss than 1 c.c., into the pancrMtic duct. 
A specimen of the urine withdrawn 16 hours after the operation gave an 
exceedingly well-marked reaction, the whole bulk of the fluid being Ailed 
with a light yellow flooculent precipitate, which on microscopical examination 
was found to consist of long fine crystals that dissolved in SS-per-oent 
sulphuric acid in 6 to 10 seconds. Filtered off, and purified by re-crystallisa- 
tion from 10-per-cent, alcohol, it was found to melt at 178® to 180® C. 
A second specimen taken 24 hours after the operation gave a tfmilar, bat 
less marked, reaction. 

Three days later a much larger dose of turpentine (1*5 c.c.) was iqjeoted, 
but by mistake this was introduced into the common bile duct instead of 
pancreatic duct. The urine withdrawn six hours after this operation 
contained a large amount of urobilin, but gave no ” pancreatic” reaction. 
Two other samples taken at the end of 18 and 24 hours respectively after 
the operation also yielded no osazone crystals. 

A small piece of the pancreas was excised at the time of the seeond 
operation. Microscopical examination of this showed no small celled 
infiltration or over-growth of connective tissue, but the nuclei of the aiciaar 
cells were indistinct and the protoplasm was h^hly vacuolated. When tiw 
animal was killed 48 hoars later examination of the pancreaii revealed no 
pathological changes. 
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(II) In a second dog chronic pancreatitis was indnoed by passing a silk 
thread from the duodenum along the duct of Wirsang and leaving the loose 
end hanging free in the intestine.* The urine withdrawn three days after 
the operation yielded crowds of loi^j fine yellow (uystals, soluble in 
33-per-oent. sulphuric acid in 5 to 10 seconds, and which melted at 
178° to 180° C. A second specimen taken one week after the operatioB 
showed many typical crystals. A third sample obtained two weeks after the 
operation gave some crystals, but the reaction was not as well marked as 
that given by the preceding specimens. A fourth sample obtained one week 
later still gave a fairly well-marked reaction. 

At the end of the next week the pancreas and part of the duodenum were 
removed and the out ends of the intestine united by a Murphy button. 
Examination of the excised portions showed that the thread was still in 
position in the pancreatic duct and hanging into the duodenum. The whole 
pancreas, but more particularly the head of the gland, was thickened and 
felt heavier tlian normal. Microsoopical examination of seotions out from 
various parts showed a marked over-growth of the interlobular connective 
tissue, especially in the neighbourhood of the duct of Wirsung and its larger 
tributaries. The epithelium of the duct was detached and in places lay loose 
in the lumen. The periphery of the gland was not so markedly affected, 
although here, too, there appeared to be some increase of fibrous tissue and 
a few round cells were seen in and around the ducts. 

Immediately after the second operation the bladder was emptied by 
catheter. A specimen of urine withdrawn 15 hours later was found to 
contain 1*8 per cent, of reducing sugar, as estimated by Bang’s method ; 
1*6 per cent, of fermentable sugar, estimated by Lohenstein’s sacoharometer, 
and the polarisoope showed 1*2 per cent, of dextro-rotatory sugar. Treatment 
with phenylbydrasin gave a dense precipitate of coarse greenish-yellow 
crystals that were insoluble in 33-per-oent. sulphuric acid in five minutes, 
and OB xe-oiystallisation from 70-per-oent. alcohol melted at 204° to 205° C., 
I^us corresponding to dextrosasona Forty-five cubic centimetres of the 
filtered urine were boiled with 3 o.o. of hydrochloric acid for 10 minutes, 
the excess of acid neutralised with lead carbonate, and the glycuronic acid 
removed by shaking with tri-basio lead acetate. The lead in the filtrate was 
tiian reteCved by treatment with a stream of sulphuretted hydrogen and 
StAseqitent filtration. After being heated to drive off the excess of 
eiil^liuzntted hydrogen, the filtrate was cooled and mixed with half its bulk 
e£ distUied water. Yeast was then added, and the mixture incubated at 

' * Caraet, *Oilb«rt «t Thoittot, Traits do MiMioine at da Th6rapeattqus,’ 1909, 
tas.' ' '' 



878 Dr, P. J. Cammidge. Observations on the [Apt. 5, 

37° C. for 18 hourB, when, as it was found that a oontrol spedmen no longer 
gave a reaction for sugar, it was cooled, filtered, and the filtrate treated with 
pbenylhydrazin. Examination 24 hours later showed no crystalline deposit, 
either to the naked eye or microscopically. The animal was found dead 
three days after the operation, and post mortem no trace of pancreatic tissue 
could be discovered. 

(Ill) The pancreas of a third dog was extirpated on September 9. Two 
days later it died from gangrene of the duodenum. A specimen of urine 
was, howevei:, obtained before death, and 18 hours after the operation. This 
was found to contain 3 9 per cent, of reducing sugar (Bang), and 3-8 per 
cent, on fermentation (Lohenstein). Examination with the polaiiscope gave 
32 per cent, of dextro-rotatory sugar. The osazone crystals melted at 
204° — 205° C., and were insoluble in 33-per-cent, sulphuric acid in 
five minutes. A specimen of the urine examined by the same method as 
that just described gave no " pancreatic ” reaction after the fermentable 
sugar had been removed, there being no crystalline deposit on macro- 
soopical or microscopical examination of a preparation left undisturbed for 
24 hours. 

The results of the examination of the samples from Dog I and of the 
specimens obtained from Dog II after the first operation agree with and 
confirm my experience in the human subject. They show that while normal 
urine gives no “pancreatic” reaction, specimens from animals in which 
pancreatitis has been set up, either by a chemical irritant, such as 
turpentine, or bacterial infection and partial blocking of the pancreatic 
duct, give a characteristic reaction. The accidental injection of turpentine 
into the common bile duct of Dog I served to prove that the reaction first 
obtained was not due to the turpentine itself or to the manipolalion of the 
organs in the course of the operation, for, although oonsiderably larger than 
the first dose which was injected into the pancreatic duct, it gave rise to no 
urinary “ pancreatic ” reaction. The pathological changes found in the pancreas 
of Dog II, when it was removed at operation, agree with those described by 
Oamot as being present in similar experiments performed by him, and 
correspond to the chronic interlobular pancreatitis met with in mim as the 
result of an infection of the pancreatic ducts. 

The results of the examination of the urines of Dogs II and III, after 
total extirpation of the pancreas, tend to show that the changes which give 
rise to the "pancreatic” reaction in the urine are dependent upon the 
presence of the pancreas, and are probably to be referred to changes in the 
gland itself and not to disturbances of metabolism in other tissues brought 
about by interference with or perversion of its functions, for Dog III gave 
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no reaction after the operation, and in Dog II the reaction which liad been 
obtained on four occasiona during the preceding three weeks disappeared 
after removal of the pancreas. 

It may be objected that the modification of the procedure made necessary 
by the presence of the fermentable sugar interfered with the reliability test, 
but that this is not the case has been sliown by the results obtained on 
examining the urines from several patients suffering from glycosuria 
associated with disease of the pancreas by the same method. One in 
particular demonstrated this very clearly, and also showed how an exceed- 
ingly well-marked reaction may diminish in intensity as destruction of the 
pancreewB progresses, and finally disappears when advanced glycosuria has been 
established. The patient was first seen in December, 190G ; there was then 
an abdominal tumour which was suspected to be pancreatic, but an exami- 
nation of the urine gave no pancreatic reaction, and there was also at that 
time no sugar. An exploratory examination was performed by Mr. Mayo 
Kobson, and a growth was found in the first part of the duodenum, but quite 
free from the pancreas. On January 18, a second specimen of urine was 
examined and found to be free from sugar, but it gave a well-marked 
“ pancreatic ” reaction, suggesting that the pancreas was then involved in 
the disease. At the request of the patient’s friends the abdomen was 
re-opened a few days later and it was then found that the growth had 
invaded the pancreas as had been suspected. In the early part of May, 1906, 
examination of the urine showed 5*25 per cent, of sugar and a modified 
'‘pancreatic” reaction gave many fine crystals soluble in 33-per-cent, 
sulphuric acid in 6 to 10 seconds. A month later the sugar had increased 
to 7 per cent., and a much less marked “ pancreatic ” reaction was obtained. 
In July the urine contained 7*26 per cent, of sugar and the “pancreatic” 
reaction gave only a few crystals. In August, 7*5 per cent, of sugar was 
present, and no crystals were found on carrying out the modified “pancreatic ” 
test. In October the urine contained 9‘5 per cent, of sugar and the 
“ pancreatic ” reaction was negative. The patient died on November 5. 

The indications afforded by the experimental, pathological, and clinical 
evidence so far obtained all point to the so-called “ pancreatic ” leaction in 
the urine being due to active degenerative changes in the pancreas, and, so 
far as I have been able to determine, to these alone. The fact that the sugar 
giving rise to the reaction is apparently a pentose suggests that it is probably 
contained in a derivative of the pancreas nucleo-protein which passes into the 
blood as a result of the degeneration of the gland cells. In view of the 
cwmstant presence of a pentose in the nuclei of the cells of other organs and 
issues it might be thought that if this were true, degeneration in these 
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i^ould also furnish a pentose-yielding substance which might pass into the 
urine, but this does not appear to be the case. The reasons why the pancreas 
is probably more liable to yield a pentose complex that can be split up and 
so recognised in the urine are two : first, according to Grand,* the percentage 
of pentose in the dry weight of the pancreas is nearly five times as great as 
in any other organ of the body (pancreas 2'48 per cent., liver 0*66 per cent., 
thymus 0*56 per cent., kidney 0*49 per cent, muscle 0*11 per cent); second, 
the pentose contained in the nucleo-protein of the pancreas and thymus 
is said to be more loosely combined and more readily set free than the 
corresponding sugar in other tissues.! With regard to the first pmnt, 
however, the relative bulks of the organs have to be taken into account, and 
it is conceivable that if the whole of an organ, such as the liver, were 
simultaneously involved in some degenerative change, it might yield as 
much or more pentose-containing substance as the pancreas under similar 
conditions. 

Only a small part of the field of research opened up by these investigations 
has 08 yet been touched upon. It is hoped that by further experiment it 
may be possible to isolate the mother-substance giving lise to the pentose 
obtained from the urine in cases of pancreatitis, and also that a fresh series 
of animal experiments may furnish information as to the chemicd changes 
in the body associated with diseases of the pancreas that precede and lead 
up to the disturbances of internal metabolism that give rise to diabetes. 


♦ Hoppe-Seyler’s * Zeit. f. bysiol Chcm.,’ voL S5, p. 111. 
f Blomenthal, **Dis. of MetaMisxn,’’ v. Noorden’s * Clin. Med./ 1906, p. 969. 
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A Method of Estimating the Total Volume of Blood corUaiiMd 

in the Living Body. 

By J. 0. Wakklin Babkatt, M.D., D.Sc, Bond., and Wareikgton 
Yorke, M.D. LiverpooL 

(Communicated by Prof. Sherrington, F.K.S. Beoeived May 7, — ^Bead May 20, 

1909.) 

(From the Liverpool School of Tropical Medicine.) 

The determination during life of the total volume of blood contained in the 
living body is usually effected by Haldane's method.* This consists in first 
'estimating the percentage hsemoglobin content of the blood and then 
-determining the total hasmoglobin content of the circulating fluid, the latter 
being effected by administering a known volume of carbon monoxide and 
observing tlie extent to which the haemoglobin of the red cells is in 
'Combination with this gas. Copeman and Sherringtonf determined the 
volume of the blood in the living body by injecting a measured volume of 
075-per-cent, solution of sodium chloride (sp. gr. 10046) and observing the 
resulting fall in specific gravity of the blood. 

Eecently, while making an investigation upon haemoglobinemia, we found 
it necessary to make estimations of the total amount of blood in the living 
body. This we carried out by: (1) making a hsemocrit estimation of the 
relative proportions, by volume, of red cells and plasma; (2) injecting a 
known quantity of dissolved hsemoglobin into the blood stream and 
-determining the degree of the resulting hsemoglobinsemia, from which the 
amount qf plasma present can be calculated. The method employed thus 
consists of two procedures, namely the estimation : (1) of the percentage (by 
volume) of plasma contained in the blood (A) ; and (2) of the total volume of 
plasma contained in the body (B). The total volume of the blood is 

~ X 100. 

JSL 

1. To cany out the first procedure 0’20 c.o. of a 1-per-cent, solution of 
potassium oxalate was placed in a glass capsule and about 1 c.c. of the blood 
of the subject of examination, removed from a vein, added. The volume of 
the mixture was then carefully measured, a heemocrit determination made, 
and the percentage of plasma in the undiluted blood calculated therefrom. 

* “ The Msm aud Oxygen Capacity of the Blood in Man,” ‘ Journ. of Phyaiol.,’ 1899 — 
1900, voi SS, p. 881. 

t “ Method for Determining the Quantity of Blood in a Living Animal,” ‘ Joum. of 
Ihyriql.,’ 1880, vol. 11, p. 8 i also “The Specific Oravi^ of the Blood,” tWd., 1893, p 71. 
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An example will make this clear. In an experiment upon a rabbit the 
volume of the mixture was 112 c.c., and the proportion of plasma in the 
mixture determined by the ha?moorit 85 3 per cent. The proportion, by 
volume, of plasjna in the undiluted blood was therefore 

im ^ 1 = 82-1 per cent. 

2. To carry out the second procedure a solution of haemoglobin was 
prepared, usually by laking the red blood cells of the animal whose blood 
volume was to be determined, though in some experiments the red blood cells 
of another animal of the same species were employed instead of the animaVs 
own red cells. To this end the required amount of blood was taken from a 
vein, usually by means of a cannula or hollow needle, and added to a sufficient 
quantity of a 1-per-cent, solution of potassium oxalate to prevent clotting. The 
mixture was then centrifugalised, the supernatant plasma completely 
removed, and to the red cells distilled water added in amount just sufficient to 
produce laking. When this had occuiTed, solid sodium chloride was added in 
the amount required to produce a 0‘85-per-cent, solution of this salt. I’he red 
cell constituents which separated out on the addition of sodium chloride, 
fonning a reddish white precipitate, were then separated by centrifu^alisation 
and a dark red solution obtained. The strength of this solution was 
determined by matching a portion of it, suitably diluted, with a solution 
containing a known percentage by volume of red blood cells, the solution 
being prepared by adding a measured aznount of oxalated blood, previously 
submitted to a hsemocrit determination, to distilled wato. The matching 
was sometimes carried out in a Zeiss comparison spectroscope, but more 
frequently we employed the simpler plan of estimating the perasntage of 
haemoglobin in the diluted solution by means of v, Fleischl's haemoglobin- 
ometer, the scale of which had been previously standardised by means of 
solutions of haemoglobin representing known percentages by volume of red 
blood cells. In this way the strength of the haemoglobin solution employed, 
which usually represented the amount contained in 25 to 40 per cent, of its 
volume of red cells, is determined. A measureii volume of this solution, 
-corresponding to a known volume of red cells, was then injected into a vein 
of the animal whose blood volume was to be ascertained. As soon as the 
injection was completed a sample of blood was taken from a vein on the 
opposite side of the body, added to a known quantity of a 1 -per-cent, solution 
of potassium oxalate, and the volume ol‘ the mixture measured. The mixture 
was then centrifugalised and the percentage of dissolved hsemoglobitt 
determined as above described. 



1909,] Method of Estimating Total Volume of Bloody etc, 383 

If the plasma, obtained before injection, contained a small percentage of 
dissolved haemoglobin, as usually happens in the human subject, this was 
subtracted from that present after injection of hsenioglobin solution. 

When the total amount of ifiemoglobin injected (C) has been determined, 
and also the percentage of haemoglobin contained in the blood plasma after 
injection (D), the total amount of blood plasma after injection (E) is calculated 
from the formula 

E = ^ X 100. 

From this the amount of fluid injected was subtracted, and to it should be 
added the amount of plasma withdrawn, if the animal bad been bled before 
injection. By way of illustration the continuation of the experiment upon a 
rabbit, already referred to in (1), is shown below, the amount of hsemoglobin 
(C) being expressed as before in terms of I'ed blood cells in the moist 
condition, the volume of red cells being given instead of their weight in order 
to avoid calculation of the latter, and the percentage of heemoglobin (D) being 
similarly expressed in equivalent volume of red cells. 


Amount of diwolved 
hiemoffiobln injected into 
nlobd stream. 

c. 

Percentage of 
liBBmoglobin disaolvfid 
in blood plasma 
after injection. 

B. 

Total volume of 
blood plasma. 

2,100. 

Total volume of blood 
[hannocrit determination 
gave 82*1 per cent, by 
volume of plasma 
in undiluted blood]. 

0’74 c.o. diBsoWed in 0'86- 
per-cent. NaCl Bolution, 
the total volume of fluid 
being 4'0 o.c. 

1 0*78 per cent. 

i 

101 0 . 0 . after in- 
jection 

97 0 . 0 . before 
injection 

97)cl000^,,„^^ 

821 


In no case oouhl any change in the general condition of the rabbits be 
observed after the injection of dissolved heemoglobin, In man the injection 
of dissolved hfcmoglobin, obtained from the subject's own red cells, in amount 
sufficient to cause the blood plasma to contain as much haemoglobin as was 
present in 1 per cent, of its volume of red blood cells, also produced no 
alteration of the general condition. Aseptic precautions were employed 
throughout these procedures. 

The amount of haemoglobin can be varied within wide limits. If, however, 
the blood plasma contains less dissolved haemoglobin than would be 
represented by 1 per cent of its volume of red blood cells, the natural colour 
Oi the normal plasma may interfere with the haemoglobinometer determination. 

is likely to occur if the blood plasma before injection is unusually dark, 
a$ sometimes occurs in pathological conditions attended with red cell 
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destruction. In such cases, and also when the degree of haemoglobinremia was 
slight, we employed a Zeiss comparison spectroscope, provided with a cell of 
variable height, the estimation being made by matching the oxyhsemoglobin 
bands of the plasma with those of a solution of haemoglobin of known 
concentration. 

The accuracy of this method of estimating the total volume of the blood 
depends upon the precision with which : (1) the hsemoglobinometer readings 
(or the comparison spectroscope determinations) are made ; (2) the condition 
of the plasma immediately after injection is ascertained. 

In our observations the variation of successive hsemoglobinometer readings 
of the same solution of hsemoglobin did not exceed ± 2 per cent, of the mean 
reading. 

The mode of ascertaining the degree of hremoglobineemia immediately after 
injection is a matter of importance. If only a small percentage of 
hiemoglobin, representing less than 1 per cent, by volume of red cells, is 
present, no correction is ordinarily required when the plasma is obtained 
within three minutes of the injection, which generally occupies about one 
minute. If, however, a sample of blood cannot be obtained so soon after 
injection, or again if a much higher degree of hfiemoglobineemia has been 
produced, then an amount of dissolved haemoglobin sufficiently large to affect 
the determination of the blood volume may have disappeared before the 
sample is obtained. In such cases, two or three determinations of the degree 
of haemoglobinaBmia require to be made at short intervals as soon as possible 
after injection. From these the percentage of dissolved hesmoglobin present 
in the plasma immediately after injection can be calculated. In a series of 
observations upon the rate of disappearance of dissolved haemoglobin from 
the blood plasma in the living body, which will shortly be published,* the 
mode in wliich this calculation may be made will appear. 

The advantage of the above method lies in the ease of its application, and 
the circumstance that the injection of hcemoglobin is not attended with any 
recognisable alteration of the general condition. 


^ * Annals of Tropical Medicine and Paramtoiogy/ 1909, voL 3, p. 1. 
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Preliminary Note on Ti-ypanosoraa eberthi {Kent) (=s Spirocheeta 
eberthi, Liihe) and some other Parasitic Forms from the 
Intestine of the Fowl. 

By C. H. Mabtin, B.A,, Demonstratoi’ of Zoology in Glasgow University, and 
Muriel Eobbrtson, M.A., Carnegie Research Fellow, Assistant to the 
Professor of Protozoology in the University of London. 

(Communicated by Prof. J. Graham Kerr, F.R.S. Ileceived June 18, — Bead 

June 24, 1909.) 

[PliAT* 8.] 

In the eleventh volume of the ‘ Zeitscbrift fhr Wissensohaftliche Zoologie,’ 
published in 1862 (p. 98), Eberth described, in a remarkable paper, “ ein 
kleines Infusorium ” which he had found abundantly in the cseca of various 
birds (fowl, partridge, duck, goose) ; he described it as a flattened crescentic 
form measuring 0'012 to 0*014 mm. long by 0*006 to 0*008 mm. wide, with 
a wide and a narrow extremity, the latter of which is drawn out into a slight 
point He distinguished the true body of the animal, in which he sometimes 
thought he saw a nucleus, from the conspicuous “hiiutige Saum,” the 
movemenls and appearance of which he described and figured very clearly. 
He considers that this form is related to the form seen by Leydig in the gut 
of Pisoioola, Pontobdella, and Ixodes, which Leydig had believed came from 
the blood of fish, and those described in the blood of various fish and of the 
frog. Eberth, however, remarked that he could not find bis parasite in the 
Blood of the infected birds, though he found two other flagellates, which he 
does not further describe, in the intestine. 

Leuokart, in his first edition (1863) of ‘Die Parasiten des Menscben' 
(vol. 1, p. 140), placed the animal described by Eberth in a new genus, 
Samolophtis i in his second edition, however, under Stein’s influence 
{vide itif/ra), he came to the conclusion that this animal “Vermutlich 
gleiohfalls nichts Anderes als eine Triohtmoms ist, bei der die Anwesenheit 
des Geisselapparates iibersehen wurde ” (2nd Edition, p. 312). 

Stein (1878) was inclined to consider the parasite as a Trichomonas of 
which the anterior flagella' had been overlooked. (‘Der Organismus der 
lufosionsthiere,' Abtheilung III, 1 . H&lfte, p. 79 . “ Sollte nun das vordere 
End, wie ioh vermuths, nooh mit zwei Geisseln versehen sein, so wflrde 
dieser Parasit, aus dem Leuokart sogleioh eine neue Soenolophue gemacht hat, 
npbedingt zur Gatt. Trichomonas gehoren.”) 

Tb« next seferenoe to this form that we have found is to be met with in 
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Saville Kent’s ‘Monograph of the Infusoria ’ (1881), where it is named 
Tryj>anosorm ebertM. Saville Kent lias apparently overlooked Leuckort and 
Stein's references to this form, and his theory as to its possible connection 
with the trypanosoma of the frog need not be considered here. 

Eiitschli (1889), in his account of the Protozoa, gave Eberth's figures of this 
form and placed it in the genus Trypanosoma with tlie true blood parasites. 

Doflein, in 1901, gave Eberth’s description and figures of this form, which 
he seems inclined to connect with some of the flagellate parasites seen in 

Gefliigel-Diphtherie/’ The evidence on which he does this seems rather 
scanty and he himself remarks (p. 60) : “ Mir scheint aus dem Studium der 
Literatur hervorzugehen, dass zwei oder mehr verschiedene Arten in den 
Angaben mit einander vermengt worden sind. Es wiire sehr verdienstlich 
in dieser interessanten Prage Klai'heit zu schafifen/* 

liEVeran and Mesnil (1904), in their * Trypanosomes et Trypanosomiases,' 
state, on p. 354, “ II paralt bien certain que le Trypanimnia eherthi, Kent, vu 
par Eberth dans le tube digestif de la poule, n'est pas un Trypanosome, o'est 
sans doute un Trichomonas, comme Stein, puis I^euckart, en ont fait les 
premiers la supposition." 

Lithe (1906), in a short note in his account of the blood parasites in 
Mense's ' Handbuch der Tropenkrankheiten,' hag changed the name of this 
form from Trypammma vherthi to Spiroclmta eherihi, owing to the* presumed 
absence of a free flagellate end to the undulating membrane. We think, 
however, that if Lithe had himself seen this form he would not have placed 
it among the Spirochmtes. It is rather interesting to note that in spite of 
the numerous references to this common parasite in later litei^ature, and its 
triple change of name up to the present, Eberth appears to have been Ufe 
only observer who had actually seen it. ^ 

Methods, 

Most of the stained work was done on wet films fixed either with Flemming 
or corrosive-acetic. The films were stained either with iron hfiematoxylin. 
b^emolaun, Delafield’s haematoxylen, Giemsa, or Twort. The three first all 
gave good results. 

Omeral C(mditwnH in the Cma and Rectum, 

During the course of this preliminary work we have examined the caecal 
and rectal contents of 14 fowls of various ages and at various stages of 
digestion, and have met with the flagellate parasites of four types, 
A,B,0,D. 

Before, however, proceeding to the description of these forms, it would be 



387 


1909*] On Trypanosoma eberthi (Kent), etc. 

well to consider shortly the varying conditions which these parasites have 
to withstand in the course of digestion. Unfortunately, very little seems to 
be known as to the part played by the cceca in the metabolism of the bird, 
and apparently much the same statement may be made as regards the 
conversion of the fluid intestinal contents into the more solid feces in any 
animal. The body temperature of birds is given by Tigerstedt as lying 
between 39°‘4 to 43°*9 C. The temperature of one of our fowls measured in 
the axilla was 39°‘5 0., which is possibly rather low. 

The condition of the caxjal cCntent can vary very greatly ; in what we 
have termed the normal ofecal condition the cmca are full of a light brownish 
fluid containing a large number of small gas bubbles. (In one Irish hen 
there was an enormous development of gas, and a strong smell of 
sulphuretted hydrogen ; the presence of the sulphuretted hydrogen was 
possibly correlated with the presence of a rounded plump bacterium found 
in very large numbers in this hen.) 

The most characteristic feature of the bacterial flora in this stage of 
digestion is a very active vibrio which has been met quite high up the 
intestine. When the cfleca are in this condition, the rectum is frequently 
empty, and if it is full the contents, though hard, are largely made up of 
fibres and hqsks of corn. In what we term the rectal condition of the ceeca, 
the cfieca are filled with a dark firm mass ; the rectum then may be filled with 
the same substance, or it may be empty, in which case the animal has 
probably recently defecated. In the transitional stages between the 
normal and rectal conditions the bacterial flora undergoes a marked 
change, the vibrio becomes much rarer, and large numbers of cocci and long 
slender bacteria are met with. It is evident that in the coui'se of this 
change of tBe nature of the caecol contents, very complkiated physical and 
chemical factors may be at work, not only owing to the action of the 
walls of the alimentary canal itself but also to that of the bacteria. To 
single out only one of these factors, the question of the changes in the 
osmotic pressure of the surrounding medium of the parasite fecomes a very 
important otie. 

It is a general practice for workers on the intestinal protozoa to carry out 
extended observations in a solution of sodium chloride, isotonic with the 
Hood, and as regards the fowl, Hamburger, in his recent work on 
‘Osmotiseber Druck und lonenlehre/ gives two determinations : on p. 176 
the figures 0*45 to 0'417 per cent, of sodium chloride are mentioned as the 
wait of plasmolytio methods on blood corpuscles. On p. 468 he gives 0-591 
to per cent, sodium chloride as a figure arrived at by the freezing-point 
nie%>d* We used a tap water solution of 0‘7 per cent. NaCl, but we think 
ton* n3atxi.~B. ‘ , 2 f 
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that if one regards the events in the course of absoiption by which (be 
liquid contents of the coeca and intestine are converted into the practically 
solid fceces, it becomes difficult to believe that this solution can at best 
represent more than one out of a series of many stages. 


The Flagellate Pameites. 

The flagellate parasites found in the osecnm, as has been stated above, can 
be divided into four groups, A, B, C, D, of which we only need here 
particularly to consider A, B, and C. D is a sharply marked type, found in 
small numbers on two occasions, with an anterior and a posterior trailing 
flagellum, which can be coiled round the body. It is of very small size, 
roughly half the size of the smallest A form seen, and of approximately 
torpedo shape. 

The chief difficulty in dealing with the remaining three groups, A, B, C, 
is that although large numbers of individuals can be found in which the 
characters of each group are sharply marked, yet numerous transitional 
forms are to be seem. Under these circumstances we do not feel inclined, 
until we have obtained a great deal more evidence from artiticially infected 
chicks raised in an incubator, to decide definitely between the two alterna- 
tives of considering A, B, C as various forms of a mixed infection or as 
stages of a single life cycle. The small amount of evidence we have at 
present points clearly to a transition from A to B, and we have observed 
some cases of which the most natural explanation would be to regard 
A, B, C as stages in one life cycle. 

A. Trypanosoma eberthi, Kent. Plate 8, fig. 1. — This is the form w^icli 
we are inclined to believe Eberth had before him when fao wrote his 
description of Trypanosoma eberthi. It is characterised by a rather elongated 
body, a very well marked undulating membrane, along the edge of which a 
flagellum runs from the anterior end of the animal to end freely at the 
posterior end. The living animal, when seen on a cold stage in salt solution, 
is easily picked up by the rippling movement of the undulating membrane. 
In the living animal the nucleus can be readily seen as a rather cone-shaped 
l^ht area containing some small granules lying in the anterior r^on of the 
unimnb Along the base of the membrane a well marked line can be seen, 
and in its neighbourhood there is always one and sometimes two rows of 
blocks. In a snitably placed animal an axostyle, apparently resembling tiiat 
described in Trichomonas, can be seen. In preparations stainbd with 
hsemalauu and eosin, the nucleus is readily recognisable, and a fairly 
round body is seen at the anterior end at the origin of the flagellnm ; is 
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probably the kinetonucleua. The line along the base of the membrane stains 
blue, while the blocks and edge of the membrane take up the eoain very 
vividly. In hoemalaun preparations which have not been stained with eosin. 
the blocks and the edge of the membrane may stain blue. 

B. The B For^n (Trichomonas Conditimi), Figs. 2 and 3. — Tiie E form 
may be described as a typical Trichomonas of variable size, apparently 
resembling the form described by Wenyou from the mouse. Usually the body 
is more massive than in the A form, from which it is easily distinguished 
by the presence of three long conspicuous flagella arising from the anterior 
end. 

In all other points, nucleus, axostyle-line, and blocks, B agrees with A, 
In living forms, two types of movement have been observed : one closely 
resembles that of A, the undulating membrane being in active motion, while 
the anterior flagella trail passively. The second type of movement is 
characterised by the activity of the anterior flagella, which strike out in front 
of the animal. In the films stained with hsemalaun and eoain, the anterior 
flagella, which are longer than the lx)dy, are very conspicuous. 

C. C Form (Mouooercomonas Condition), Figs. 4 and 6. — This form is 
roughly egg-shaped. On the blunt extremity there is a well marked 
cytostoine, in the neighbourhood of which four long flagella rise. The body 
is usually filled with food vacuoles containing bacteria, and the animal is 
quite active even on the cold stage. The nucleus in the unstained forms can 
sometimes be seen os a rather highly refractile spherical mass near the 
anterior end, and there is no trace of an undulating membrane. Iti stained 
forms there is no trace of the blocks or line ; the nucleus is a spherical object 
with tho chromatin condensed in the membrane, though in some cases there 
may be a litrge internal karyosome. 

Possible Transitional Stages, 

In addition to these forms, small, rounded, generally motionless forms were 
with in which the typical nucleus and blocks of the A form were seen. 
Besides these rounded forma, far more elongated forms were found with a 
similar nucleus and the blocks ; these showed an indication of an undulating 
membrane in the active motion during life. In these elongate forms a well 
marked axoatyle was seen. If we now return to the forms A and B, the 
similarity between them in all other points except the absence of the three 
anterior fiageUa in A is so great that it almost amounts to identity. On one 
occasion we saw a living B form with an undulating membrane and posteriorly 
directed fle^eUa at 12.45 fM , ; at 1.25 r.M. a distinct split was seen aloi^ the 
middle of one of the three flagella. It is tempting to suppose that the change 

2 IT 2 
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from A to B consists in a splitting off of a free flagellum from the 
undulating membrane, this flagellum splitting again to form the three anterior 
flagella of the later stage. This would appear to explain the difference 
between the two types of B movement mentioned above, the forms with 
posteriorly directed flagella representing the early stages of this transition 
from the A to the B form. The differences between B and C ore at first 
sight very marked, but it is interesting to liote that C forms, with the 
rudimentary undulating membrane, a line, and a nucleus approximating to the 
B type, were met with. 

Infection. 

Every fowl which we examined was infected by one or other of these 
flfi^ellate forms, usually in large numbers, as is shown in the following 
table. 


Fowl. 

Bate. 

1 Locality. 

Condition. 

Cseoal contents. 

Bectal contents. 

Flagellates. 

I 

15.4 

OrreAt Home, 
Abergarennr 

2 years old ; 
fat 

light brown liquid, with gas 
bubbles ; vibrio abundant 

Barker; more solid 
in small quantity 

Spiroehvte 

present, 

A, B, C. 

II 

17.4 

Holle/e Fam, 
• Abergavezmj 

Old hen 

Bark and of an almost earthy 
consistency ; numerous bao* 
teria and oooci 

Full of oondatent 
matter 

A,B,B. 

III 

19.4 

liixnaTady, 
Oounty Bmy 

Old hen j 
Tery fat 

Light brown fluid ; numerous 
gas bubbles ; ; plump 

bacteria numerous 

Same as ocscum 

A, B, C. 

IV 

90.4 

HoUej'ft Farm, 
Abergarenny 

Old hen $ 

CfBoal contents dark and Srm 

AlnwMt empty 

B, 0. 

fat 



V 

90.4 

I/laufoist 

Oliiok ; 
so hrs. after 
hatching ^ 

O^cal contents dari^ and firm 

Keady to defisate ... 

0. 

VI 
VII 1 

i 

20.4 

lilanfoieit 

Old hen | 

Brown fluid contents 

Rectum empty 

A, B« 

B, 0. 
Kmneroos 

cysts. 

21.4 

1 

G-reat House, 
Abergareuny ! 

1 

Old hen ; ' 

Firm and dark 

Recently defecated 

very fiit i 


VIII 

24.4 

1 

Llanfoist 

Chick ; 

Firm and dark «... 

Just about to defe* 

c. 

10 ^ys 


cate ’ 

IX 

24.4 

liimavady, 
CSouuty Beriy 

Old hen } 

Brownish fluid 

Bark solid mass, 

' largely composed 
of hum 

A,B,C, 

very fat 


X 

24.4 

Llaafoiftt 

Chick; 

Brownish fluid 

Rmptv 

' ^ \ 

A. 

10 days 




XI 

26.4 

Llmavadyi 
County Dmy 

Old ben ; 
very fat 

Brownish fluid 

Bark solid mass, 
mostly husks 

..■'a,X0- ■ 
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Infection is probably only efiFeoted by food contaminated by faecee con- 
taining cysts of the parasites. We propose in the course of the summer 
farther investigation in connection between these interesting forma upon 
artificially infected chicks hatched out in an incubator. 


DfiSCRiraON OF FIGURES. 

[Flat® 8.] 

The flgurefi are drawn at a magnihoation of about 4500 diametere. Eeks 2 mm. 

250 mm. tube, and 12 oc. 

Fio. 1. — A form (T. showing nucleus, undulating membrane, blocks, and axostyle. 

In typical A forms the free flagellum is longer. 

Fioa 2 and 3. — B forms (Tricliomonas), showing three flagella, undulating membrane, 
staining line under membrane, axostyle and nucleus. 

Flos. 4 and 6. — C form (Monocercomonas), showing four flagella, oytostome, nucleus, 
and food vacuoles. 

Fio. 6.— Small rounded non-motile A form. 

Fig. 7, — A form, small, showing blocks and axostyle and nucleus, also indication of undu- 
lating membrane. 

Fig. 8. — Form possibly Intermediate between B and C. 
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The PossMe Ancestors of the Horses living under 
Domestication. 

By J. C. Ewart, M.D., F.E.S., University of Edinburgh, 

(Received May 15, — ^Read June 24, 1909,) 

(Abstract.) 

During the later part of the Nineteenth Century it was generally taken 
for granted — (1) that “ the seven or eight species of Equidae now existing are 
all descended from an ancestor of a dun colour more or loss striped (2) that 
the common ancestor of the living horses, asses, and zebras was connected 
by a single line of descent with the four-toed ** fossil horses of the Eocene 
period ; (3) that the domestic horses are descended from a Pleistocene species 
characterised by large molars with a long anterior internal pillar, a large, 
heavy head, and coarse limbs ; (4) that in various parts of Europe and Asia 
domestic races increased in size and were improved in make, 8j)eed, and 
disposition as a result of artificial selection and favourable surroundings. 

On the Continent it seems to be still generally assumed that the domestic 
breeds have descended from a single species, t but in England and America 
many naturalists now believe — (1) that domestic horses have sprung from 
several wild 8|>ecie8, connected by several linos of descent with three-hoofed 
species of the Miocene period ; and (2) that while some of the wild ancestors 
were adapted for living in the vicinity of forests and upland valleys, others 
were adapted for a steppe, plateau, or desert life. 

Of possible ancestors of the domestic breeds, the following may be 
mentioned; — JPjuius sivuU'ivsis, E, ^tenoniSy E, gracilis (Owen's Aftinus /ossilu), 
E. naTnadiciJiSy E.fm^Uis, and E. robudtts. These species mainly differ in the 
teeth, size and deflection of the face, and in the bones of the limbs. In the 
first three species, the grinding surface of the anterior internal pillar (a fold 
of enamel on the inner surface of the cheek teeth) of the premolars and first 
molar is short, in the last premolar, pm, 4, it may only be one-third the 
length of the crown; in the second three species, the anterior internal 
pillar is long — at least half the antero-posterior length of the crown. 

One of the ancestral types {E, robustvs) was broad brewed and had a short 
face, almost in a line with the cranium ; another {E. dvalenm)^ also broad 
* Darwin, ‘ Animals and Plants,’ vol. 2, p. 17. 

f The latest suggestion is that domestic horses are the descendants of E^Mim 
RUtimeyer, a Pleistocene species closely allied to the wild horse of Mongolia— 
E, przewaUkii* 
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browed, had a long, tapering, strongly deflected face ; a third (E. fosaUis} had 
a long, narrow fac^, not so strongly bent downwards as in E, avvalerms ; and 
a fourth (£, ffradlia) had a fine, narrow, but only slightly deflected, face. 

In £, gracilis the middle metacarpal (cannon bone) was so slender that the 
length was seven and a-half times the width, while in JSl rci)mti(s the length 
of the metacarpal was sometimes only five and a-half times the width. 

Of these possible fancestors, the first three occur in Pliocene deposits, the 
second three have only hitherto been found iu Pleistocene deposits. 

Equns sivalensisy of the Siwalik deposits of Northern India, is the oldest 
true horse known to science (ie, the oldest one-hoofed horse with long 
(hypsodont) molars), and, as it measured about 15 hands, it is the largest of 
the Old World “ fossil horses. This ancient Siwalik horse was characterised 
by long, fairly slender limbs, and a long, tapering face, deflected to form an 
angle of nearly 20° with the base of the cranium. In addition to having 
a large head, a convex profile, and long limbs, Ii\ simlensis seems to have been 
characterised by a long neck, high withers, and a tail set on so high that the 
root was well in front of the point of the buttock. Nothing is known of the 
ancestors of the horse which suddenly made its appearance in Pliocene times 
amongst the foot hills of the Himalayas, but it may be safely assumed that 
jff. sivalensis very decidedly differed from Fliohippus, the small '' fossil '' horse 
of the lafe Miocene and the early Pliocene deposits of America, from which 
some believe all the recent Equidse are descended. 

It used to be said that E. dvakmis could not bo regarded as an ancestor 
of domestic horses because of the shortness of the anterior pillar of the cheek 
teeth. I find, however, that in some modern horses the anterior pillars are 
decidedly shorter than iu E. dvaUnsis, and tliat iu some of the short-pillared 
domestic Jiorses the face is nearly as strongly deflected on the cranium as in 
E. dmimm. There is hence no longer any reason for assuming that this 
ancient Indian species had no share in the making of domestic breeds. But 
in the absence of a large and representative collection of skulls of domestic 
horses it is impossible to say which modern breeds are indebted to the large- 
headed, long*limbed race which in Pliocene times frequented tlie area to the 
east of the Jhelum River, now occupied by the Siwalik Hills. 

Mr. Lydekker thinks E. dvalmsis, or some closely allied race, may have 
been the ancestral stock from which Barbs, Arabs, and Thoroughbreds are 
derived" When more skulls are available for study and when the phases 
through which equine skulls pass during development and growth have been 
worked out, it will probably l)e ascertained that broad-browed horses with 
a prominent interorbital region — a forehead convex from side to side as well 
as from above downwards— ^nd a long, tapering, strongly deflected face have 
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ill great part desceuded from a species closely allied to JEl malmimy but that 
horses with a broad flat foi'ehead, and the face short and nearly in a line 
with the cranium, are at the most only remotely related to E. smdefrms. 

Further inquiries will probably also show that some Indian breeds as well 
as some of the unimproved races of Central Asia (e.g.y certain Iong*faced 
Kirghiz iiorses with a sloping forehead and long ears) in many of their points 
agree with E. sivalen»Ui of tlio Pliocene deposits of Northern India. 

The second possible ancestor mentioned is Eq;i(m stemnin of the Pliocene 
deposits of Europe and Noith Africa. In a typical 8j)ecimen of this species, 
with the teeth in an intermediate state of wear, all the anterior pillars of the 
premolars and molars are shorter than in E. sivalcmuy while in a specimen 
with the teeth well worn the longest pillar may be only one-third the length 
of the grinding surface of the crown. At no age are the pillars of the 
molars more than half the length of the crown. Whether the face was long 
and tapering and strongly deflected in E. denonis has not yet been 
determined, but from the limb bones collected it is evident that the horse 
with shoi't-pillared molars, which in Pliocene times frequented the valley of 
the Arno, sometimes reached a height of nearly 15 hands. 

It is generally supposed E, stenonis either became extinct towards the close 
of the Pliocene age or was modified to form varieties with long-pillared 
molars. It is conceivable that some of the descendants of E, dmwnvs 
acquired long-pillared molars, but it by no means follows that all the 
Pleistocene horses of Europe with the anterior pillars more than half the 
length of the crown are related to or derived from E. stemnia — some of them 
may have been the descendants of E, nahiwAicm, Be this as it may, horses 
with teeth of the E, stenmm type existed in the south of Scotland during tMfe 
first and second centuries, and horses with short-pillared cheek, teeth are 
still in existence.- In some of the skulls from the Roman fort at Newstead 
the anterior pillar of the third and fourth premolars only measums 9 mm., 
which is only alxmt half the length of the pillar in E, i^amadicuH and other 
" fossil ” Pleiostocene species. Further, in one of the first century Newstead 
skulls the first premolar is as large as in E. stenoni&y and the face <as broad 
and long as in E. Bivalemis) forms an angle of 18® 6' with the cranium. 

In all probability further inquiries will show that the short-pillared 
species (with metacarpals as long but somewhat thicker than in E. 
widely distributed over Europe and North Africa in Pliocene times played 
an important part in the making of Shires and other heavy modern breeds. 

The only other possible ancestor dealt with in this contribution is the oue to 
which I have given the name Equns grticilia. Owen arrived at the conclusion 
that Pleistocene horses '' had a larger head than the domesticated races/' and 
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that even in email varieties the teeth were nearly as large as in a modern 
oart horse. 

Having come to these conclusions, it is not surprising tliat when it fell to 
his lot to describe small equine molars from the drift overlying the London 
clay and from a cavernous fissure at Oreston, near Plymouth, he decided that 
they could not belong to a true horse and (on the assumption that they 
belonged to an extinct ass or zebra) formed for them the species Asinm 
/osailu. 

In addition to the small second and third molars described and figured by 
Owen, there is in the British Museum a small first molar from Oreston. The 
anterior pillars of the second and third Oreston molars are more than half the 
length of the crown, as in horses of the “ forest type, but the pillar of the 
first molar, m. 1, from Oreston is only about one-third tlie length of the 
crown as in Pliohippm and E. stmoni% 

Except in size, the small teeth from Oreston and other Pleistocene deposits 
bear little resemblance to the molars of asses or zebras, but they are 
practically identical in enamel foldings as well as in size with the molars of 
a small (12’2 hands) slender-limbed horse in the possession of the Auxiliaries 
who gamsoued the Eoman fort at Newstead in the south of Scotland about 
the end of the first century. 

In addiflon to small equine teeth, the Devonshire Pleistocene deposits have 
yielded a small slender metacarpal. This metacarpal (from Kent’s Cave, 
near Torquay), is 220 mm. long and 30*25 mm, wide — the length is hence 
7*27 times the width, as in fine-boned Arabs. 

As might have been anticipated from a study of the teeth, the Kent’s 
Give metacarpal belongs to a very much finer-limbed race than the small 
horse of tjie " elephant bed at Brighton. On the other hand, the Kent’s 
Cave metacarpal very closely agrees with the metaoarj)al8 of the small 
Newstead horse. 

This small first-century horse in teeth and limbs agrees with Exmoor, 
Hebridean and other ponies of the Celtic type, Le. with ponies characterised 
by a small fine head, large eyes, slender limbs, five lumbar vertebrae, and by 
the absence of the hind chestnuts and all four ergots. 

It hence follows that the small equine of the English Pleistocene (Owen’s 
Asmm fomlis), instead of beiiig an ass or a zebra, is a true horse, which in 
the metaearpals, as in the pillars ’* of the premolars and first molar, differs 
but little from Piiohippus of the late Miocene and early Pliocene American 
deposits, 

Bemame of a small horse with teeth and limbs like JSywitJS gw»ilu {A$inm 
/omMs, Owen) have been found in the Pliocene deposits of Italy and France 
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and in the Pleistocene deposits of France and North Africa. The ItaUan 
and Auvergne slender-limbed horse has generally been r^rded as a small 
variety of E, dmmia. By Pomel and other palaeontologists the French 
variety was known as B. ligeri\ while the North African variety, named 
Equiis ctdnm atlanticm by Thomas, was regarded by M. Boule as closely 
allied to, if not the ancestor of, zebras of the Burchell type. 

The slender metacarpals from the valley of the Amo and Auvergne so 
closely resemble the Kent’s Cave metacarpal, and the teeth from Perrier and 
Puy de Dome in France and Lake Karar in Algiers so closely resemble the 
small teeth from Oreston, that E. Hgeris and E. asinus cUlaiUimis may be 
regarded as varieties or races of E, gracilifi, 

Thei'e are good reasons for believing that E, gradlis varied to form a 
northern and a southern variety. Remains of a slender-limbed northern 
race have been found in deposits belonging to the Neolithic, Bronze, and 
still later ages in Britain and on the Continent. At the present day the 
purest representative of this northern variety is the Celtic pony. Hence 
this northern variety may be known as Eqtivs gracilis celticus. 

Remains of a slender-limbed southern variety have not yet been found 
in recent deposits in North Africa, but fine-limbed ponies without ergots and 
hind chestnuts are sometimes met with in the south of France, and slender- 
limbed horses without hind chestnuts — horses almost certainly of North 
African descent — are occasionally met with in the West Indies and Mexioo. 
In the French, and still more in the wartless ponies of Mexico, the limbs 
are longer than in the Celtic ponies, the coat is finer, the mane less fulU 
and the ** taillock,” so well developed in the northern variety, is very small. 
As the southern variety in all essential points agrees with Prof. Ridgeway’s 
fine bay horse of North Africa (J. caballvs lihycus), it may booknown as 
E, gmt^is lihycus. 

Slender limbs and the absence of ergots and hind chestnuts are apparently 
as distinctive of mem bers of E. gramlis as an upright mane and the absence 
of hind chestnuts are distinctive of asses and zebras. Hence, when, as a 
result of crossing varieties possessing four ergots and four chestnuts, slender- 
limbed individuals without ergots and hind chestnuts appear in any area, it 
may be assumed that the horses of that area include jK gracUis amongst their 
ancestors. 

From inquiries made and from crossing exixjriments it has been ascertained 
that ponies of the Celtic type occur in the Faroe Islands and Iceland, in the 
Western Islands and Highlands of Scotland, in the west of Ireland, in W«dee^ 
Exmoor, and the New Forest, and in Norway and Finland. 

Further crossing experiments have ,^made it evident that the yellow-datt 
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fjord horses of Norway are mainly a blend of the Celtic and “ forest ** types, 
that the Shetland ponies, though usually having the conformation of the 
** forest ” or £. robuMus type, are in part of Celtic origin, and that some of 
the mouse-dun Tarpans of the Russian steppes are a nearly equal blend of 
the Celtic and E. przewalakii types. 

Prof. Ridgeway arrived at the conclusion that in the fine bay horse of 
North Africa there is a frequent tendency to stripes on the back, legs, 
shoulders, and face, to a blaze on the forehead and to white “ bracelets/' 
Experiments made with four types of Arabs and with Russian, Mongolian, 
Indian, and Borneo ponies, English, Irish, Iceland, and Norse ponies support 
the view that the Pleistocene ancestor of the modem slender-limbed ponies 
with short-pillared molars was of a yellow or bay-dun colour with a narrow 
dorsal band and bare on the legs, but had neither “ bracelets " nor a blaze. 
As stripes are most numerous on broad-browed horses, they have probably in 
most oases been inherited from ancestors of the E. rohmtus or E. sivaltimH 
types. 

As to the part played by E, gracilis libycvH in forming domestic breeds, 
nothing very definite has been made out*. Prof. Ridgeway says all the 
improved breeds of the world are a blend in varying degrees of the bay 
horse of North Africa with thick-set, slow, dun and white horses of Europe 
and Asia allied to E, przewahkii. A numlier of hybrids bred at Woburn by 
the Duke of Bedford afford little, if any, evidence in support of the view 
that Barbs, Arabs, or Thoroughbreds include amongst their ancestors horses 
of the Prejvalsky or steppe type. 

Slender-limbed horses with a wide flat forehead and a nearly straight 
profile appear to be a blend of E, gracilis lihycm (Ridgeway's E. cahallm 
libgetis) and horses of the E, robustm Q* forest ") type, while slender-limbed 
strains with a fine narrow face, a well set-on tail, and a inane that clings to 
the neck, probably most accurately reproduce the variety of E. gracilis which 
in prehistoric times inhabited North Africa. 
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Hillhousia mirabilis, a Giant Sulphur Bacterium, 

By G. S* West, M.A., iXSc., FX.S., and B. M. Ghiffitus, B.Sc. 

(Communicated by J. Bretland Farmer, F.R.S. Received July 7, 1909.) 

[Plate 9.] 

The organism which forms the subject of this paper has been under the 
observation of one of us for a number of years, but its true nature was not 
immediately recognised. It has been found in various parts of England and 
Ireland since 1892, always occurring in very stagnant pools and marshy bogs. 

Until quite recently it was only found very sparingly Hinongst Alga;, 
Infusoria, etc., generally in situations where there was much decomposing 
organic matter. During the past winter, however, the organism hae been 
found in abundance in the mud of the shallower part of an old pool in 
Worcestershire. This has enabled us to make cultures of it, and to make 
a study of its general biology and structure. We have named it Hillhousia 
mirabilis,^ 

Tlie cells are solitary but gregarious, occurring freely among other 
organisms and numerous small particles of decaying organic matber. They 
secrete very little or no mucus, even in a culture, so that colonies are not 
built up. 

They are for the most part shortly cylindrical, with hemispherical ends, 
and are usually straight. Some individuals exhibit a very slight curvature, 
and others may be observed which are slightfy attenuated towards eath 
extremity. The cells are from one and three-quarters to three anqf, a-quarter 
times as long as broad. 

For a unicellular bacterium the dimensions of this organism are 
phenomenally large. The diamder of tlu oell varies from 20 to 33 ii, and 
averages aho^U 26^, The length varies from 42 to 86 /i, and averages 
ahotU 60 fi. 

In its normal healthy condition the cell is packed with globules of oily 
amorphous sulphur of various sizes, the largest of which have a diameter of 
about 10 ft (Plate 9, figs. 1 to 3). Tliese globules are very crowded, and, 
when isolated, are seen to be somewhat kregular, although rounded (fig. 17). 
Their refractive nature gives the organism almost a black appearance under 

* The generic name “ Hillhtytma has been given in honour of Prof. W, HUlhouse, the 
retiring Profoesor of Botany in the University of Birmingham, to whom both authors owe 
much in the way of kindly advice and criticiam. 
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the microscope, but a pale yellow or yellow-green colour is finite obvious on 
careful inspection by transmitted daylight. 

Owing to the large quantity of sxxlphur they contain, the cells are very 
heavy, sinking in the water almost like sand-grains. 

The cells are motile, exhibiting slow oscillatory and rolling movements. 
The organism, is a peTiirichouH IwUrium with several hundred short cilia 
disposed all over the exterior of the cell-wall The cilia can be seen imme- 
diately on fixation either with a 5-per-cent, carbolic acid solution or with 
a 40-per-cent, formalin solution. The action of these itiagents results 
in a cessation of the movements of the cilia in from 10 to 20 seconds, during 
which period many of them are thrown off and become disintegrated. Some 
of these cilia exhibit a contractile or wriggling movement after having been 
thrown off, indicating that the contractility of the cilium is not dependent 
upon attachment at the base. The cilia are plainly observed by the use of 
the above reagents, but only within a few seconds of the moment of fixation 
(figs. 15 and 16). 

The cilia can also be clearly seen in active movement by examining the 
living organism by means of the Zeiss or I^eitz dark-ground illuminator. It 
Is likewise possible to demonstrate the presence of cilia by immersing the 
living orgjinisma in a drop of indian ink. The cilia appear as a halo around 
the cell, and the minute particles of ink can be seen in rapid motion on the 
edge of the halo. This movement is of a different character from the 
Brownian movement of the minute particles in the water. The tiny particles 
of ink can be seen to be lashed about and driven into small eddies. 

.Cell-division is relatively slow, and in no observed instance was a single 
division completed in less than 24 hours, the time occupied in many cases 
being as iftuch os 48 hours. 

The Sulphur Qlohules. — The globules of sulphur are enormously larger and 
much more densely packed than in any of the other known sulphur bacteria. 
They are dissolved by glacial acetic acid,* by boiling in a solution of 
mc^nesium sulphate ; and also by prolonged boiling in potassium chlorate. 
They turn almost black on boiling in ferrous sulphate ; and a bnjwnish-black 
precipitate is found in the cells after boiling in lead acetate. A 2i-per-cent. 
solution of commercial formalin entii*ely removes the globules. Carbon 
bisulphide penetrates the cell-wall only with difficulty, but after penetration 
quickly dissolves the sulphur. 

When the living organisms in u pure condition are placed in distilled water 

♦ Ihig was pointed oat by Corsini in the case of Beggiatoa ; cj. A. Corsini, ** Ueber die 
iegenannter ^hwefelkCrnohen die man bei des Fainilie der ‘ Beggiatoocfie ’ antriftt,** 
Oontwdbl filr Bakteriol.,* II, 1906, 
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the sulphur globules disappear in about 48 hours, the sulphur being oxidised 
in the process of inspiration. The oxidation of the sulphur can best be 
demonstrated by allowing a culture to remain undisturbed for several days 
in a small quantity of water containing minute traces of lime. The organisms 
gradually lose all their sulphur, and a considerable deposit of granular crystals 
of calcium sulphate is formed. 

By allowing the bacteria to dry on a slide, and then irrigating with water, 
the sulphur is obtained in small rhombic crystals (tig. 18), Crystals can also 
be obtained by allowing the formalin solution in which the bacteria have 
been fixed to slowly evaporate. These do not appear, however, to be crystals 
of pure sulphur.* 

From the general behaviour of the sulphur globules, there are many reasons 
for supposing that the sulphur is not pure, but exists in some kind of loose 
combination, possibly with proteid material. The crystals obtained by drying 
the organisms and then irrigating with water are only formed oidsid.e the 
cells. After irrigation the colloidal sulphur, or sulphur-compound, passes 
through the wall of the cell, without causing the latter any injury, and 
crystallisation of the sulphur takes place in the surrounding medium. 

OuliureB . — Like other sulphur bacteria, JSillhousia will not grow on gelatine 
or agar.t We have obtained the best cultures in tap water containi;ig minute 
traces of sulphuretted hydrogen. 

Straining the mud through coarse muslin enables one to obtain almost all 
the bacteria, mixed only with various small living organisms, finely divided 
flocculent organic matter, and small sand-grains. The great weight of the 
bacteria can now be utilised to obtain a pure collection, as it is possible Jo 
remove the other organisms by means of a fine pipette, while the large 
sulphur bacteria and the small sand-grains remain as a sediment If this 
sediment be now transferred to a watch-glass it is possible to separate the 
major portion of the sand-grains by a judicious tapping of the glass while held 
in a slightly inclined position. In this way the bacterium can be obtained 
mixed only with very minute sand-grains. We have not yet succeeded in 
obtaining a culture of the bacterium entirely free from these tiny fragments 
of silica, although some method of chemotaxis might possibly solve the 

* After several hours* treatment with 40-per-cent, formaiin, the indiridual bacteria are 
found to be encrusted with a thick deposit of radiating ciystals. On the addition of 
more water to the solution the crystals are dissolved. If weaker formatin is used, 
crystals are never formed, as the substance (some compound of sulphur) is dissolv^ as 
fast as it is produced, 

f Winogradsky, in ^Ann. de Ilnstitut Pasteur/ 1889, pp. 49 and 00, has stated his 
inability to obtain cultures of ThioihHso, Chimativm^ etc., on solid culture 

media. 
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difficulty. The culture should now be shaken up at intervals, and very small 
quantities of sulphuretted hydrogen water added every few days. 

Such a culture will tlirive for a time, although the multiplication of the 
organism is relatively very slow. 

The organism thrives best when the flocculent organic matter, after 
straining, is allowed to remain in the water. Under these circumstances the 
bacterium remains healthy, and can be kept for a very long time without any 
addition of sulphuretted hydrogen water. 

£xi)eriments in obtaining pure cultures are still proceeding, and discussion 
of this part of the investigation is for the present deferred. 

Keeping the organism in the original mud in which it is collected, without 
constant change of water, proves unhealthy and ultimately fatal. This is 
due to the accumulated excess of sulphuretted hydrogen in the water, which 
causes the bacteria to lose their sulphur. The addition of a strong solution 
of sulphuretted hydrogen to a culture also causes a solution of the sulphur 
and the death of the organisma 

Light is unnecessary for the perfect growth of this bacterium, cultures 
thriving as well in complete darkness as in diffuse light. 

In mass and by reflected light a culture presents a greyish-white 
appearance. 

Cytologwal Structure , — Formalin has been found the most useful fixing 
reagent on account of the fact that the sulphur globules are removed at the 
same time. A 2i-per-cent. solution of commercial formalin will completely 
remove the sulphur in the course of a few hours.* 

Individuals fixed in this way show a network of protoplasm which occupies 
the iirterstices between the sulphur globules, the position of the latter being 
indicated by the large clear spaces (figs. 5 and 19). Embedded m the 
proti^lasniic network are nuimrous minute giunules of very variable size. 
(These are well shown in fig, 19.) 

The cell-wall is highly resistant to reagents, but becomes much more 
permeable after the organism has been dried. It contains no cellulose, and 
stains yellow on the addition of iodine. It dissolves only with difficulty in 
sulphuric acid, does not dissolve in an ammoniacal solution of cupric 
hydrate, and in many ways it is suggestive of fungus-cellulose. Its great 
resistance to reagents is probably due to the presence of a considerable 
proportion of chitin* 

On the addition of 6-per-oent. carbolic acid to the living organisms, the 
oell-wail swells up and becomes lamellose, indicating that it is not of 

♦ Ths removal of the sulphar is probably brought about by the small quantity of free 
formic add present in commercial formalin. 
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homogeneous structure (figs, 13 and 14), There appear to be several firm 
layers, with intervening layers which become somewhat gelatinous on the 
addition of carbolic acid. The innermost layer is a firm one, but the outf^r- 
most layer, which can only be demonstrated by special methods, is apparently 
gelatinous.* 

Nothing of the nahtre of a definite, nudms in prese^it m the cell, but as the 
protoplasmic network includes many consi>icuous granules, very careful tests 
for nucleins have been made. 

Staining has given very indefinite results. Erythi'osin and methylene 
blue were of little use. Safranin and carbol-fuchsin were found the most 
iTseful stains, and double staining with safranin and gentian-violet gave good 
results. Carbol-fuchain stains the protoplasmic network very well, but in no 
instances were the included granules distinctly brought out. Cover-glass 
preparations gave much better results than any other method. The granules 
of the network do not appear to have an affinity for any of the stains used, 
and they cannot be regarded as chromatin granules. 

Microchemical tests for nucleo-proteids have been carefully repeated many 
times, using cultures of the organism fixed in 2'j^-per-cent, commercial 
formalin. As stated before, by this means the sulphur globules are removed 
and the fixed protoplasmic network can be experimented upon. Owing 
to the impemeability of the cell-wall it was found necessary to allow the 
operations to extend over a considerable period. 

Treatment with concentrated sodium carbonate removed fully nine- 
tenths of the granules, while the network I'eraained clear and refractive 
(fig^ 21). 

A 10-per-cent, salt solution removed a large proportion of the granules, 
probably about five-sixths of them, and the network was again left clear 
except in the central part of the cell, where there appeared to be a concen* 
tratioii or shrinking together of the protoplasmic strands (figs. 10 and 11). 
For this reaction, and also the previous one, the cultures were exposed to the 
reagent for rather more than 14 days. 

Treatment with dilute potasli (5 per cent.) gave a variety of results due 
probably to the degiee of penetration of the potasli in different individuals. 
In most cases, after about 10 days, the granules were for tlie most part 
dissolved, and the network to a great extent disorganised (fig, 12). 

A number of cultures were treated with acidulated pepsin-glycerin, tend 
in these cases the network was for the most part digested, whereas the 
majority of the granules remained unchanged. Where the network had only 

* There is evidence of this even in the active state of the organism, as the cells have 
a tendency to stick to the bottom of the vessel in which the culture is growing. 
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partly disappeared, the granules had the appearance of highly refractive beads 
strung on fine threads (fig. 20). 

The above tests, taken collectively, furnish evidence which goes far to 
prove tliat a considerable proportion of the granules present in the general 
protoplasmic network consist of nucleo-proteids. 

Lastly, the bacterium was tested for phosphorus. A considerable quantity 
of a culture (pure except for very minute grains of silica) was incinerated on 
platinum foil, and kept at a red heat for several minutes. Tlie ash was then 
treated in small tubes with a reagent consisting of 10 c.c. of nitric acid to 
1 gramme of ammonium molybdate, and kept at a temperature of 50° C, for 
a week, after which period numerous minute crystals of an intense yellow 
colour were present in all the slides prepared. These crystals belong to the 
cubic system, and there is every reason to regard them as crystals of 
ammonium phosplio-molyluiate. Slides of the reagent only, kept for the same 
period at 60° C., showed no trace of such yellow crystals. 

From this test we conclude that phosphorus is present in the bacterium, 
and therefore that some nucleo-proteid is present.* The previous tests 
indicate that this nucleo-proteid is in the form of small granules in the 
protoplasmic network, and the staining proves the granules are not particles 
of chromatin. 

Thm, Hillhousia is a very primitive uniceU in which chrornatin has not been 
developed, and the particles of nmUo-proteid {pomhly of the Tvaiure of linin) are 
scattered evenly thro%i>gh the whole protoplasmic network of ths cell. 

Although the cytological structure of Hillhousia can be studied with 
comparative ease, it must not be assumed that other and less easily investi- 
gated bacterial cells have a similar structure. The sulphur bacteria may be 
of a low^^type, and it is quite probable that among the various known 
groups of the Schizomycetes there are bacteria in which the cytological 
structure is of a somewhat higher order. 

The present investigation is only of a preliminary character, as much work 
yet remains to be done in obtaining pure cultures, and in further working out 
the cytology of the organism. 

Summary, 

SUlhmma miraiilis is a sulphur bacterium of giant proportions, and is 
much the largest solitary bacterium which has so far been discovered. Its 
ay0rage length is about 60 p, and breadth about 26 p. 

The organism is a peritriohous bacterium with a large number of short 

Oaleotti (in ‘Tieitwhr. ftlr physiol. Ohemie/ voL 25, 1808, p. 48) has definitely 
demonstrated the ooonrrenoe of a nucleo-proteid in certsin bneteria. 

von. xxxxn— B. 2 g 
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oilia. It occurs among decaying organic matter in the mud of fallow fil% 

water pools. ' 

Each individual contains a protoplasmic network in the wide meshes of 
which large globules of sulphur (probably not pure, but in loose combination 
with proteid material), are located* The network includes numerous small 
granules, a considerable proportion of which consist of some nucleo-proteid. 
None of them are chromatin granules. 

The cell-wall is firm and has great powers of resistance to reagents. It is 
not homogeneous, and 5-per-cent, carbolic acid demonstrates its lamelloso 
character. 

The multiplication of the organism is relatively slow, one division 
occupying upwards of 24 hours. 


EXPLANATION OF PLATE. 

Fioa. 1 — 16, each X 500 j Fios. 17 — 21, each x 1000. 

Fios. 1 — 3. — Drawings of living specimena of IlilU^una mirahiliB to show the dark 
refractive sulphur globules practically filling the whole cell. 

Fio. 4. — Specimen kept in tap water for oue week. The sulphur globules have been 
almost entirely used up in respiration. 

Fio. 5. — Individual after being in a Sj-per-cent. solution of commercial formalin for 
several days. The sulphur is completely removed and the protoplasniic net- 
work becomes very obvious. Note the numerous granules in the network. 

Fio. C. — Outline of a curved cell These are rarely observed, the great majority of the 
cells being straight. 

Fios. 7 — 9.~*Outline of three distinct specimens showing three of the principal stages in 
simple cell-fission. In fig. 9 the constriction is almost complete. « 

Figs. 10, 11. — Two individuals after treatment for 14 days with 10-por-cent, NaCL 
Many of the granules in the network have l>een removed, aneb there is a 
decided contraction or shrinking of the central parts of the network. 

Fro. 12. — Individual after prolonged treatment with 2-per*ceiit. KOH. The protoplasmic 
network is largely disorganised, and a large number of the granules have been 
dissolved. 

Fios. 13, 14.— Two cells after treatment for about 15 minutes with 5-per-oent. carbolic 
acid. Tlio cell -wall exhibits a lamellation, and the sulphur globules have 
coalesced into a central irregular mass. 

Fios. 16, 16 . —Two cells immediately on treatment with 40-i»er-cent. commercial 
formalin. The numerous short cilia are very readily observed for a brief 
period, and many them can be seen to be thrown ok into the surrounding 
liquid. 

Fio. 17.— Isolated sulphur globules, showing their irregular form, obtained by crushing 
the living cell. 

Fto. 18 .— Small crystals (rhoml^ prisms and rhombohedia) of sulphur obtained by 
allowing the living organisms to completely dry up. These crystals are 
formed onMk tiie organktasi the colloidal sulfdiur passmg throng the oeH* 
wall to the oatiide after irrigating with water. 
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Flo. l&t— Single Bpecinien after treatment with S^-per-eent, oommercial formalin, ahowing 
both the parietal and the more internal portions of the protoplasmic network. 
The granules are shown only in the upper parietal portion of the network. 

Fia. 20. — One extremity of an individual after tioatment for 14 days with accidulated 
pepsin-glycerin. Only the granules of the surface network are represented ; 
these stand out very clearly, but the protoplasmic network itself lias been for 
the most pait digested. 

Fio. 21. — One extremity of an individual after treatnmnt for 14 days with a concentrated 
solution of NajtXV Only the surface iietwoik is represented. Tlie proto- 
plaamic network remains dear and distinct, but most of the granules have 
been dlsaolved. 


The Development of Trypanosoma gambiense in Glossina 

palpalis. 

By Colonel Sir David Bruce, C.B., F.R.S., Army Medical Service ; Captain 
A. E. Hamebton, D.S.O., and H, li. Bateman, Royal Army Medical 
Corps ; and Captain F. P. Maokie, Indian Medical Service. (Sleeping 
Sickness Commission of the Royal Society, 1908.) 

(Received July 6, 1909.) 

[PlAOT 10 AHW 11.] 

The following experiment is so complete in itself that no apology is offered 
for publishing it by itself. In 1903 the Sleeping Sickness Commission of the 
Royal Society came to the conclusion that the carrying of infection from 
a sleeping sickness patient to a healthy person hj the Oloss^ina jxilpalit was 
a meohanjcal act, and required no previous development of the parasite 
within the fly. The Commission also held that the power of transferring 
the disease was lost to tlie fly 48 hours after it had fed on an infected {)er8ou. 

Koch and Stuhlmaan, in German East Africa, described developing fonns 
in Olotsim, but did not succeed in infecting healthy animals by the injection 
of these forms. 

Kleine, in German East Africa, at the end of 1908, succeeded Hxst in 
showing that Olos$inft palpalis could convey Tryparumma brucei some 50 days 
after the fly had fed on an infected animal. 

It seems, at first, strange that this fact should have escaped notice for 
15 years, and can only be accounted for by assuming that it is an event of 
the ra^t for a fly to be found which fulfils ^the unknown conditions 
heoSAsaty for the development of the trypanosomes in its interior. If we 
a^ume that it is only one fly in a hundred or in a thousand in which this 
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dovelopment takes place, then the difficulty of observing the phenomenon can 
be understood. 

Take tlie following experiments, for example :~ 


Table I. — Flies caught in an Infected Area, kept for some days, and then 

fed on Healthy Animals. 

Tnj^anomina hrvAxi — Glomna viordtans. 


1 ' 

1 

Kipt. 

! 

Place. 

Observer. 

1 

No. of 
flies fed. 

1 1 

1 No. of times j 

j flies fed. i 

i i 

No. of days before 
iufection or under 
observation. 

Result. 

210 

Zululand 

Bruce I 

5 

32 1 

r>4 

Negative. 

242 ! 

»> 

1 

») I 

80 1 

XI 1 

m 

t> 

232a 

»» 

' '■ j 

! 1 

16 : 

i 

34 

it 


These experiments seemed to show that if flies caught iri a highly infected 
district, into which a horse could not be taken even for a few hours without 
contracting nagana, are kept without food for a few days — say three to five — 
they are then incapable of conveying infection. This appeared to be a strong 
proof that the duration of infoctivity in the fly was a short one, since, if this 
were not the case, 1 of the 86 flies ought to have been in a condition capable 
of infecting, having, of course, been infected at some previous date in the 
“ fly country It may be repeated, that these flies wex^ caught in a most 
highly infected district, so tlmt if Olondna imrmJtam con remain infective for 
60 or 00 days, 1 at least of the 85 ought to have been in tho condition whicli 
made it capable of conveyiixg the disease. 

This development of the trypanosomes in the fly is strikingly like w*hat 
occurs in tho test-tube with Novy's medium. A thousand tubes are inoculated 
with Tryparumma hrimi : the trypanosomes all appear to die off, 'but 20 days 
afterwards a peculiarly resistant individual is found in one tube of the 
thousand, who has adapted himself to the new enviroment, and soon 
multiplies into myriads. What it is which enables this particular individual 
to adapt itself to such altered conditions is unknown. It is the merest 
speculation to coll it a sexual act and pick stout forms as females and slender 
forms as males. 

Again, because this late development of tho trypanosomes enables 
a particular fly to remain infective for 100 days, or even possibly for^ 
the remainder of its life, it by no means follows that this is the usual 
method of infection. The mechanioal transference of the disease is proved 
up to the hilt, and for every case which falls a victim to the rare late-infected 
fly, a thousand must be infected by direct mechanical transference. 
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StTMMABY OP THE ExPEUIMENT WHICH POEMS THE SUBJECT OF THIS 

Paper. 

Before describing at length the experiment which forms the subject of this 
paper, we may summarise it as follows : — 

1. On March 5, 1909, 60 Glouinm palpalis caught on the lake shore were 
placed in two cages, 30 in each. The flies were fed on two infected monkeys 
for 2 days. They were then starved for 72 hours to get rid of mechanical 
transference. The following 5 days they were placed on a healthy monkey, 
and every successive period of 5 days, or thereabouts, on a fresh monkey, up 
to 86 days, when the experiment came to an end. The result was, that the 
first two monkeys mmained healthy, but that all the following monkeys, up 
to 75 days, became infected with Trypanomma gamlienM, 

2. If 7 days be deducted for the incubation period, then the flies first 
became infected 18 days after their first feed on an infected animal. 

3. There is some evidence that among the 60 flies only 1 was infective. 
Fifty-four days after the beginning of the experiment each cage was placed 
on a separate monkey. Up fco that time both the cages of flies had been fed 
on the same animal. Cage A contained, after 54 days, 11 flies. Cage B, 
4 flies. Cage A continued to infect monkeys for 21 days more, making 
a total of *76 days. Cage B did not infect. Again, as was natural, the flies 
gradually died off during tlie experiment, and as each fly died it was carefully 
dissected and examined for trypanosomes. Not a single trypanosome of any 
kind whatever was seen in any dissected fly up to 76 days, when a fly died 
in Cage A which was found to be swarming with trypanosomes similar to 
Ti^ypanmoma gamhkme. After the death of this fly, Cage A ceased to be 
infective, and when the experiment was stopped the remaining flies were 
killed off *and dissected, but among them not a sign of a trypanosome could 
be seen. In the same way the flies remaining in the nou-iafective Cage B 
were examined, with a similar negative result. 

4. Here follows an interesting and uni(jue observation. A tiny drop of 
fluid taken from the gut of the 75-day fly injected under the skin of a 
monkey gave rise to Sleeping Sickness after an incubation period of eight 
days. This, so far as we are aware, is the first time this has been recorded. 

5. It will be seen from the detailed experiment that the flies were starved 
' for three days between several of the experiments. This, of course, was to 

get rid of the fallacy of mechanical transference. 

6. It may be said that perhaps these monkeys became infected by some 
other means than the flies in the cage — for example, by other biting flies, or 
by contact To this it may be answered that there are more than 200 

2 H 2 
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monkeys under observation here, sick and healthy. They are all examined 
twice a week, but during the last eight months not a single case of accidental 
infection has taken place. 

Details of the Expekiment. 

Experiment 663. 

To ascertain if development of TnjpanoHoma gamhiense takes place in the 
interior of Olossina palpalisy and if so, how long does the fly remain infective. 

March 6, 1909. — Two batches of Glomna palpalis caught on the Lake 
shore, consisting of 30 flies in each batch, were fed on monkeys, 
Experiments 568 and 214, whose blood contained numbers of Trypanosoma 
gamhiense. 

March 6. — The flies again fed as on the 6th, to ensure that as many as 
possible should get a feed of the infected blood. Nearly all the flies fed on 
one or other occasion. The flies are kept in a moist atmosphere at 22° C. 

The following table gives the principal details of the experiment : — 


Table II. 


D&te. 

Day of 
eiperi- 
luenti. 

Procedure. 

Bei 

Positire, 

}Ult. 

.. 

Negative. 

Eemarki, 

1909. 







Mar. 5 

— 


Flies fed on infected monkey 




0 

1 


V i* II 




7 

2 


Flies starred 72 hours 




8 

8 


II 11 




9 

41 





e 

10 

6 






11 

6 


Fed on Monkey 679 



1 

12 

7 






18 

8^ 






14 

«i 






15 

10 






16 

11 


1) II 661 




17 

12 






18 

18. 






19 

141 






20 

16 






21 

16 

* 

„ 662 

+ 



22 

17 






28 

ibJ 






24 

181 






25 

20 






26 

21 


„ „ 668 

+ 



27 

22 






28 

! 28^ 






29 

24*1 


i 




80 

26 






31 

26 


II II 6^ 

4 



Apr. 1 

27 






1 2 

28 J 
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Procedure. 


PoBitiTO, Negative, ! 


Beinarks, 


1909. 
Apr. 3 


Pod on Monkey 666 


i 88 j 

89" 

40 [ 

41 
421 
43 f 
44" 

45 

46 

47 
*48 ■* 
49 
60 
61^ 
62' 
63 r 

64" 
56 
56 ^ 
^ 67 
58 j 
691 

60j^ 

6n 

62 

63 . 

64 

66j 
661 
67 " 
• 68“^ 

69 

70 - 

71 

72J 

731 

76^ 

76 

77 t 

78 

79J 
801 
81 ; 
82-1 
88 

84 . 

85 

86j 

87 


Starved for 72 hours 


Fed on Monkey 727 


Starved for 70 houra 


''Cage A fed on Monkey 736 ...j + 

" j 

. » B .. „ 736 ...| 

Starved for 74 hours | 

f Cage A fed on Monkey 749 ... I + 


If ® ft p> 748 ... 
Starved for 73 hours 
Cage A fed on Monkey 766 ... + 


It B ,1 I, 764... 
Starved for 72 hours 

Cage A fed on Monkey 848 ... 

Starved for 72^ hours 

Cage A fed on Monkey 911 ... 
Bxperiment stopped. 


May 13. — Flies 
remaining in 
Cage B Ttilled 
and dissected. 


I May 19. — Fly 
866 found dead 
in Cage A and 
dissected. Bid 
not feed on 
Monkey 848. 


Kxpts. 848 ond 
911 healthy on 
7th Juno, 1909. 

Bemaining dies 
killed and dis- 
sected. 
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Remarhs on the Experiment 

Everyone will agree that this is a most interesting experiment. It is 
evident that a single infected fly did all the mischief, and by good luck this 
fly was detected. Captain A. E. Hamerton, D.S.O., had charge of the 
experiment at first, and on his leaving Mpumu about the beginning of May, 
it fell to Sergeant A. Gibbons, Eoyal Army Medical Corps. Both are 
to be congratulated on the results, which are the outcome of care and 
thoroughness. Captain E. P. Mackie had the good fortune to dissect the fly 
which did the injury, and which will be fully described later. 

Incubation Period. 

From the experiment may be drawn the incubation period in monkeys 
bitten by a late-infected fly. 

It is remarkable how regular this is in those monkeys which gave a 
positive result. This shows how very infective Fly 866 was. Apparently 
each time it bit it infected. 

The following table gives the period of incubation in each case ; — 


Table III. 


1 

I 

j Date. 

j 

1 

Experiment. 

Flies first fed. 

Trypanosomes 
appeared in 
blood. 

Number of days 
before tryfianosomes 
appeared in blood. 

i 

1909. 

March 19 

652 

1909. 

March 19 

1909. 

March 30 

11 ^ 

» 24 

663 

« 24 

April 2 

9 • 

28 

654 

„ 29 

1, « 

8 

April 8 

666 . 

April 8 

„ 18 

le 

8 

072 

» 8 

15 

7 

18 

722 

„ 18 

„ 20 

7 

» 18 

727 

i „ 18 

„ 24 

6 

28 

786 

» 28 

May 6 

7 

Maj 6 

749 

May 6 

11 

6 

.. 12 

1 

706 

» i2 

» 17 

6 


Leaving out the first experiment, 662, as it is doubtful as to the exact day 
Fly 866 became infective, this gives an average incubation period of seven 
days. It would therefore appear that Fly 866 probably infected eaeh 
animal on the first day it bit it, showing how dangerous such an infected 



1909,] Trypanosoma gambiense in Glossina palpalis. 


411 


Description of the Qlomna paljjalu, Fly 866, which was dissected 
75 Days aiteu haviko fed on a Monkey whose Blood contained 

2*Tppanos<yt7ia ffa7nbicme, 

ExperinmU 866 . 

May 19, 1909. — Dissected a Gloasirut 2><ilp^lis,Vf]iich was found dead to-day 
in Cage A of Experiment 663. On removing the viscera by the usual 
method, the mid-gut was seen to be of a pale salmon-pink. A small 
quantity of its contents, examined in the fresh condition, was found 
to contain enormous numbers of trypanosomes. The tube of this part of the 
intestine was absolutely crammed with active, seething masses of these 
flagellates. In regard to the other parts of the fly, nothing was seen in the 
proboscis. In the proventiiculus one trypanosome only was found. The 
salivary glands contained large numbers of altered-looking trypanosomes, 
the fore-gut many large stout forms, with bright granules. The crop was 
empty and showed nothing. The Malpighian tubules, hind-gut, and 
proctodeeum also were drawn blank. 

In addition to examining these organs in the fresh condition, smears were 
made and stained. The examination of these stained specimens gave the 
following results : — 

Th£ ml'^arp glands. — These had been carefully removed before the intestine 
was opened, and therefore had no chance of being fouled. As will be seen from 
the coloured drawing (Plato 10, fig. 1), the trypanosomes found in these glands 
differed from those seen in the -intestine. The bodies are very irregular in 
shape, and contain, besides a reddisfi-stained nucleus, dark deeply-stained coarse 
clfromatin granules. The other cell contents remain unstained. Free 
chromatin^ granules and flagella are to be seen scattered over the field. 
Sometimes the bodies are definitely pear-shaped, with a flagellum coming 
from the narrow end, and rarely a more definite trypanosome shape can b 
seen ; but never a true trypanosome. 

[It is a matter of deep regret that an inoculation experiment was not made 
with an emulsion of part of the salivary glands.] 

The fore-^fpiU , — The fore-gut contained many trypanosomes. The cytoplasm 
stains a pale blue, and the nucleus a reddish-purple. The micronucleus is 
not distinctly seen in some of the trypanosomes, but when it is, it is 
always distinctly posterior to the nucleus. The protoplasm contains many 
coarse darkly-stained chromatin granules. The undulating membrane is 
less marked than in the normal blood trypanosome, and the flagellum, which 
usually springs from a mioronuoleus-like body, is less deeply stained 
(Hate 11, figs. 8*— 13). 
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The 7md‘ijnt. — The mid-gut contained immmerable trypanosomes of the 
ganiMeme type. Some are dividing, and all have a well-marked nucleus and 
microti ucleus, the latter at or near the posterior extremity. The protoplasm 
contains many chromatin granules, and an undulating membrane and 
flagellum are present (Plate, 10, figs. 6 — 16). Many groups, or rosettes, 
composed of 15 to 20 individuals, occur, the flagella pointing outwards 
(Plate 11, tig. 1). 

TIk^ prohos(d% proveiitrimlm, ihotmvic gnty cnp, hmd-gni^ and Malpighian Uibee 
contained no trypanosomes. 

Tlie most interesting thing in this descrijitiou of the examination of 
Fly 866 is tlie condition of the salivary glands. How tliese trypanosomo- 
like bodies, or derivatives of trypanosomes, got into them is a mystery, and 
we will content ourselves at present with merely placing the bare fact on 
record until the salivary glands of similarly infected flies are examined. 

There is one fallacy which might he pointed out. It is assumed that 
Fly 866 became infected on the finst or second day of the experiment. It is 
possible that it l^ecaine infected when feeding on the fifth day on an animal 
which showed trypanosomes in its blood a day or two later. This, however, 
is unlikely, as no other fly showed trypanosomes on dissection. 

In order to make the story more complel.o, on Plate 10, figs. 1 — 5, is repre- 
sented the Trgpanomma gwmhkme from the blood of one of the mftnkeys on 
which the flies were fed at the beginning of the experiment, and on Plate 11, 
figs. 2 — 5, are shown Tvypcxncmma gamlmnM from the monkey which became 
infected from the contents of the mid-gut of Fly 866. 

• 

Propohtion of Infkctki) Fubs to Non-Infected in Nature. 

♦ 

In tlie oxpoiiuient under consideration it is seen that, in artificially- 
infected flies, only 1 in 60 showed the phenomenon of late infectivity. In 
nature the proportion must be less, as many of the flies, in many places at 
least, can never have fed on an animal whose blood contained Trypanosoma 
gwmhiense. 

That there can be but few under natural conditions Table IV shows. The 
table is made by subtracting the flies fed on tlie animal during the lust 
seven days, before trypanosomes were found in the blood, this being the 
incubation period, from the total number. The experiments consist in 
catching tsetse flies in the infected area, bringing them to the laboratory and 
placing them straightway on healthy animals. 

The first two experiments were made with Trypanosoma hrued and 
Olomina morsitans, and it would appear from them that 104 and 108 flies 
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Table IV. — Table to show Probable Number of Naturally infected Hies 

per thousand. 





No. of flies 

Result. 

Probable No. 


PUoo, 

Obuervep. 

fed before 
infection 



of naturally 
infected flies 




took place. 

Pottitive. Kegative. 

per thouaand. 



Tfypaiwsoim hriicei — Tiiorsi^aTUJ. 


225 

Zulujaud 

Bruoe 

104 

+ 1 i 

9 ‘6 

236 



108 

+ 1 

9*3 



Trypanosoma gamhieme — Glossim pxilpalis. 


94 

Uganda 

Bruce and Nabarro 

89 

+ i 

J1 *2 

130 


Bpuce, Ntibarro, and 

850 

+ ; 

1-2 



Q-reig 


1 

1 *9 

181 



500 

+ ; 

180 


Nnbarni and Orcig 

723 



228 

M 

Greig and Gray 

866 

+ i 

1*2 

801 1 

Leopoldville 


2299 

1 — 


45 1 

Dutton, Todd, and 
Hanningtou 

457 

i 


40 



552 



UBl I 

Rivef 


25 

... 


189 

M 


202 

— 


141 1 



52 

— 


182 

ICaflongo 

}f 

j> »> 

231 

1 «. 


198 1 


2050 

+ 

0*4 

203 

M 


1789 , 



213 

tt 

Uganda 


717 

— 


52 j 

Bruce, Ilamerton, 

41 

1 — 



Batmmau, and 


j 




Mackie 


1 

t 


2U ' 



8284 

+ ! 

0 *8 

608 



178 

+ j 

6*0 

t7l 


II ii 

850 

+ j 

1 *2 


n I 

II II 

21 



012 


II ft 

015* 

+ j 

1*6 

074 j 

• M j 

II ff 

2315 

+ ! 

0‘4 


* Animal died. 


were used respectively before an infective one was found. This perhaps 
explains why Bruce’s 86 flies failed to infect. 

In the experiments with Trypanosoma gamhieme and Glossina palpalis the 
average is 2*5 per thousand. It is, of course, impossible to tell how many 
of these positive experiments were infected by mechanical transference or by 
a late-infective fly ; but, in any case, the proportion is small. If this were 
not 80 , all the native population of the Lake shore, and most of the Europeans 
in Uganda, would long ago have been blotted out. 
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DESOEIPTION OF PLATER 
Plate 10. 

Smear preparation of salivary glands of Glo$$ina palpalu^ Experimen^^ 806, iltiiinBd 
Giemsa, showing irregularly shaped trypanosomes, with unstained protoplasm^ r6d4wh- 
coloured nuclei, and deeply stained chromatin granules. Note the ehroxnatin gpronulea ‘ 
scattered singly about the held, each surrounded by a pale area, 6g. 1. x 2000. 

Normal IV^panosonia gambimse from monkey, Experiment 568, on which the flies were 
fed at the beginning of the experiment, figs. 2, 3, 4, and 5. x 2000. 

Trypanosomes from the mid-gut of infected fly, Experiment 866, figs, 6 — 16. x 2000. 

Plate 11. 

Bosette form from the mid-gut, fig. 1. x 2000. 

Tri/pcmo»oma gambiense from the blood of monkey, Experiment 868, into which a tiny 
drop of the contents of the mid -gut of Fly 866 had been injected, figs. 2 — 6. x 2000. 

Trypanosomes from the fore-gut of Fly 866, stained Giemsa, tigs. 6 — 18. x 2000. 


A Note on the Occurrence of a Trypanosome in the Af4ei%n 

Elephant. 

By Colonel Sir David Bruok, C.B,, F.K.S., Army Medical Service ^ Captaips 
A. E. Hamkuton, D.S.O.^ and H. E. Batkman, Koyal Army Medical 
Corps; and Captain E. P. Mackik, Indian Medical Service. (Sleeping 
Sickness Commission of the Eoyal Society, 1908.) 

(Eeceived July 571909.) 

t 

[Plate 12.] 

* I ■ 

As trypanosomes have never been reported as having been observed 
the blood of the African Elephant, the Commission thought it would be 
interest to note this observation. 

In Laveran and Mesnil’s book on trypanosomes, translated by Nabarro, 
on p. 261 it is stated that “ the occurrence of Surra {Tryfanomm evaim) in 
elephants in India and Burmah is practically proved. In this connection we 
have only the statement of G. H. Evans that, in 1893, 14 out of 
32 elephants died of the disease in Burmah.” The year 1893 is almost 
prehistoric for trypanosomes. At that time observers bad even failed 
to distinguish between the common rat trypanosome — TTypmoaotm 
and that of Surra. It may well be, then, that Evans was mistaken in Ub 
diagnosis of the species causing this large mortality in elephants. 

The African elephant, in whose blood this trypanosome was found, WIM 
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shot by Mr. L. C. Lea-Wilson, of the Uganda Company, Limited, at a spot 
two miles from the eastern shore of I^ke Albert, near Ngogole, about 
31® 10' E. lat. and 1® 30' N. long. It is to bo regretted that none of the 
blood was injected into a dog, donkey, or ox, in order that a fuller study of 
this trypanosome might have been made. As it is, all the material 
available are a couple of smears made by Mr. Lea-Wilson and sent to the 
Commission. 


Morphology of the TrypanoHome of the Elephant, 

Method of Fierint] and Staining , — The two slides received from Mr. Lea- 
Wilson were fixed in osmic acid vapour and alcohol, stained in Giemsa, and 
decolorised in orange tannin.* 

Length , — For method of measurement see the same paper, p. 16. As will be 
seen from the coloured plate, which was drawn by Sergeant Gibbons, 
K.A.M.C., this trypanosome is of medium size. The average length of 
18 individuals is 18’5 microns: maximum 21, minimum 15. 

Breadth , — On an average the breadth at the thickest part is 3 microns, 

Sfmpe , — This trypanosome is of the Trypanosoma hmcei type, inasmuch as 
it has a well-developed undulatory membrane and free flagellum. As will 
be seen from the drawing (Plate 12), one noteworthy feature it has is the 
uniformity* in size and shape of the different individuals. The posterior end 
is blunt, or conical, reminding one somewhat of the head of a seal, with the 
bulging micronucleus for an eye. The body thickens as far as the middle, 
when it gradually tapers away to the anterior end. 

Co^rUentB of Cell , — The protoplasm is clear and particularly free from 
granules. 

Fuideua , — The nucleus is compact and sharply defined from the neigh- 
bouring protoplasm. In shape it is round, or oval, and often lies nearer the 
anterior extremity than the posterior. Its length averages 2 microns. 

Micronuclcm , — The micronucleus is small, round and distinct. It is 
situated close to the posterior extremity, and often appears to bulge above 
the surface. 

Undulating Membrane , — The undulating membrane is well developed and 
thrown into well-marked folds. 

Flagellum , — The flagellum stains deeply. It runs from the micronucleus 
along the edge of the undulating membrane, beyond which it projects 
as a free flagellum for some 6 or 6 microns. 


* Vide ‘ Roy. 8oc. Proc./ Sonea B, vol. 81, p. 16. 



4l6 On a Trypanosome in the 

Comlumm* 

In our present state of knowledge it seems impossible to name trjrpano- 
somes from their form alone. We were, however, much surprised, a short 
time ago, by Sir John McFadyean separating with ease TrypanoBoma^ hrum 
from Trypanosoma evansL If this can bo done for such closely related 
species, surely it should be possible to do it for all. To assist to this end it 
would be well if observers would adoj>t one method of fixing, staining, and 
measuring. In the 'Third Report of the Wellcome Research Laboratories,* 
Khartoum, facing p. 30, there is a coloured plate of trypanosomes, stated to 
have a magnification of 1000. On measuring one of them it is found to have 
a magnification of between 2000 and 3000. Then, again, many of the 
trypanosomes depicted are dividing forms, which is misleading. 

The method of measuring must also make a difference. For example, in 
Laveran and Mesnil’s book the length of Trypanosoma hriicei in the rat is 
given as 26 to 27 microns, whereas by our method of measuring the average 
length of 20 individuals is 22*8 microns: maximum 26, minimum 20, 

The trypanosome of the elephant has an average length of 18*5 microns : 
maximum 21, minimum 15, a well-developed undulatory membrane and free 
flagellum. The trypanosomes with free flagella are Trypanosama hrncei^ 
cazalbo'uit evansi, yambiense, pecandi, and soudanense.. It probably is neither 
Trypanosoma cazalhmii nor pecandi, on account of its well-developed 
undulating membrane and uniform size. Under the circumstances it is 
impossible to decide as to its identity with Trypanosoma bruc€% ganibienss, or 
somianense, but if a guess were hazarded then it would be Trypanosoma 
soudamnse. 

Until the nature of this species is better known we propose to name *t 
Trypanosoma elephaifUis. ,, 
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The FermmU <md Latent Life of Renting Seeds. 

By Jka^ White, M.Sc., Victorian Government Research Scholar. 

(Communicated by D. H* Scott, P.R.S. Received March 3, — Read 
March 18, 1D09,) 

This subject was suggested to me by Prof. Ewart as an outcome of his long 
series of experiments on the longevity of seeds.* For the most part, I have 
confined my attention solely to the seeds of cereals as being of the greatest 
importance in agriculture.f 

The scheme proposed for the carrying out of these investigations 
necessitated the procuring of old grains ; this was not an easy matter, 
but after several months I was very fortunate in having seeds forwarded 
from the Agricultural Department, Victmia ; Dookie Agricult\iral College, 
Victoria ; the Chamber of Commerce, South Australia ; and the Ilawkesbtiry 
Agricultural College, New South Wales. For these I am much indebted to 
Messrs, J. Knight, H. Pye, and W, Potts, whom I now take the opportunity 
of thanking for the trouble they have taken. 

Many of the seeds obtained from the Agricultural Department of Victoria 
were travelling samples, and had been in the possession of the department 
for from^S to 10 years, but whether they liad been harvested the same 
season or the previous one to that in which they were put up is not exactly 
known. The greater number of the specimens sent from South Australia 
and New South Wales were accompanied by information as to the exact 
date of their harvesting. 

The oldest grains available were samples of wheat received from South 
Australia^ which had been stored for 21 years. 

The old specimens of Imrley, oats, and rye were amongst those previously 
referred to which were obtained from the Agricultural Department, Victoria, 
Wd whose minimum age must be at least 8 to 10 years. In all the above 
eeirtoin of the difierent samples of grains had completely lost all their 
power of germination, so that they were exactly what 1 required in order to 
be enabled to carry out one section of the work. I was not quite so fortunate 
as regards the maize, for the oldest seeds in ray possession were grown only 
^ years ago, and had only partially lost their germinating power. 

* *FrcK56eding» of the Royal Society of Victoria,^ voL 21 (New vSeries), August, 1908. 

+ The whole of the work in the following paper has been carried out in the Botanical 
liaboiatory of Melbourne Uuiveraity under Prof. Ewart’s supervision, who has aUo 
critically tested and verified certain experiments and written the sumnmry at the end of 
the paper. The expenses of the work were defrayed from the Research Scholarship and 
Appond^ue Fund of the Victorian Government. 
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The paper is divided into sections, the first of which relates to the relative 
germinating powers of grains of various ages, and as far as possible obtained 
from different sources. 

The second section defils with the connection (if any exists) between the 
age of the seeds and the persistence of their enzymes, with special reference 
to any possible co-relation between the genuinating power retained by the 
stored grains and their enzymes. 

The third section is a detailed account of ex])eriments performed on the 
seeds at temperature extremes, more especially concerning their germinative 
capability and their enzyme reactions, as in the previous section. 

The fourth section is a brief account of exj)eriments concerning the 
respiratory activity of certain seeds in a more or less dried condition and the 
results obtained therefrom. 


1, Gtrmimiting Power of Seeds, 

The germination capacity of all the specimeils received was tested, and 
the data so obtained are shown in the columns below. From 50 to 100 seeds 
from each packet (the number depending on tlie quantity of material at my 
disposal) were sown on damp blotting paper placed in glass basins, which 
were put under a glass frame in the conservatory to which had free 
access. The temperature of the conservatory was kept fairly constant at 
about 23° C. 

The comparative germinating capabilities are given in the following 
table (A) : — 


Germination Table A, (Wheat.) 


Ago. 

Percentage 

germinated. 

Place of origin. 

Age. 

Peroentage 

germinated. 

— — e 

Place of origin. 

0 months 

100 

S. Australia. 

84 je&r» 

82 

8. Austmlia, 


100 

Victoria. 

84 .♦ 

8 

Victoria. 

li years 

100 

S. Australia. 

0k 

82 

S. Australia. 

14 >» 

100 

Victoria. 

94 „ 

0 

Viotoria. 

24 

100 

B. Axistralia. 

104 H 

28 

B.. Australia. 

H „ 

100 

Victoria. 

lok „ 

0 

. Victoria. 

8k „ 

100 

B. Austoslia. 

Ilk 

12 

B. Australia. 

4i » 

100 


Ilk „ 

0 

Victoria. 

4k ti 

92 

Victoria. 

13k „ 

4 

B. Australia. 

4k 

90 

New South Wales. 

18k „ 

0 

tf 

6k 

77 

B. Australia. 

18k 

0 

II 

6k .. 

42 

Victoria. 

16k „ 

2 

If 

6k 

89 

Now South Wales. 

17, 18, 10, 

1 


7k .. 

68 

S. Australia. 

aO, and 81 

r ^ 

1 

7k 

16 

Viotoria. 

year* 

J 
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Gemination Table B. (Barley, Oats, Maize, and Rye.) 


Kind of seed. 

Age. 

Percentage 

germinated. 

Place of origin. 

Barley 

1 1 years 

100 

Victoria, 


2 * „ 

im 

» 

1* 


72 




54 

New South Wttlea. 



18 

Victoria. 

Oats 

m 

0 

»> 

1 H 

96 

t« 

ft *• * 

n „ 

80 



1 „ 

68 


»» *j 

1 5^ „ 

66 

a 

M * 


0 

tt 

Maice 

6 mouths 

100 

t) 

» * 

1 4i years 

60 

New South. Wales. 

Bye 

I G months 

100 

Victoria. 

>» *•>■<••••••• 

1 4^ years 

82 

tt 

» 

91 „ 

0 

tt 


In those cases in which different samples of Victorian seeds of the wimf. 
age were experimented with, the average number which germinated is given 
in the tables. The majority of the seeds were sent in cotton bags, and the 
method in which they had been stored was not stated. In the case of 
wheat, however, taking for granted similar conditions of storage, the fact 
that the South Australian specimens retained their germination capacity 
for a longer period than the Victorian specimens, and the Victorian 
specimejis retained it longer than those from New South Wales, shows that 
the drier the climate the longer is the life of the seed. On further reference 
to^ the wheat table, it appears that there is a well-marked drop in the 
germinating power of the grains after about the fourth yeai-, and from 
thence it ctescends more or less irregularly, reaching zero in 11 to 17 years, 
according to the character of the sample and the conditions of storage. 

2. The Eelatvm between the Longevity of Seeds and their Cmitained. Ferments. 

The investigations were carried out with seeds freshly harvested and with 
stored seeds which had lost the faculty of germination. 

The object of these investigations was to determine, as has been previously 
Stated from time to time by different authorities, whether the loss of the 
germinating power was concomitant with, and caused by, or in any way 
related to, the disappearance of the capability of enzyme action in the seed. 

The seeds used were wheat (Tritioum vulgare), barley {Hordexm sativum), 
o$ts (Avma saiiva), maize (^ea mais), and rye (Seenle cereale). 

In every instance, except in the maize, seeds were employed in which the 
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germination capacity was entirely lost, but of the oldest specimens of mais^e 
obtainable 60 per cent, of the seeds sowed germinated. 

Samples of the same seeds which had been tested for loss of germinating 
power as described in the preceding section wore first tested for the presence 
of diastase ferments. 

1. Limtase . — The method adopted for the precipitation of the diastase waa 
the same as that described by Darwin and Acton in the * Physiology of 
Plants/ p. 305. Ten grammes of the seed were ground to a fine powder in 
a hand coffee mill, and placed in a bottle containing 100 c.c. of slightly warm 
distilled water, which was shaken for two liours with the aid of a water- 
motor rocker. 

The mixture was then filtered and the filtrate concentrated at 50^ C. under 
deorcase<l pressure to al)Out lialf its original volume. To the filtrate was 
added enough 90*per-cent. alcohol to produce a white llocculent precipitate. 
This precipitate was separated by filtration, and the filter-paper containing 
the precipitate was placed in an exhausted desiccator over sulphuric acid 
during the night. When ilry, the precipitate was scraped off the filter-paper 
by means of a sterilised knife, and dissolved in a small volume of cold, boiled 
water. 

Equal quantities of this aqueous solution were put into each of three 
test-tubes which had been previously sterilised, and the contetits of one 
tube G were thoroughly boiled. A very thin starch solution was prepared, 
and, when cool, equal quantities of the starch solution were added to each of 
the test-tutes B and C and also to a fourth test-tube D. Of the four test-tubes 
A, B, C, 1), A contained only the original aqueous solution of the precipitate. 
B contained about equal quantities of the aqueous solution of the prooipit&te 
and starch solution. C contained the same as B, with the exception that the 
aqueous solution of the precipitate had been boiled and allowed to cool 
before the addition of the starch solution. D contained only starch solution. 
The four test-tubes were placed in a bath at a constant temj^rature of 50° C, 
After about one or one and a-half hours the test-tubes were removed from 
tlie bath, and the contents of each wore tested for the presence of reducing 
sugar by means of Fehling's test. All through the experiments only 1 drop of 
No. I Fehling was added to each test-tube and 2 drops of JSTo. II. In every 
instance, as may bo observed from the detailed lists of e.xperimettts given 
below, the presence of reducing sugar was detected in the contents of th^ 
test-tube B, while no sign of reduction was noted in the contents of any of 
the other test-tubes. 

The results of these experiments, which were performed with many rariedt 
specimens obtained from widely different sources, denote conclusively tbe^ 
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presence of a nxiro or lees considerable quantity of a diastase ferment m the 
precipitate obtained from the extract of the crushed resting seeds. This 
ferment was present as such, and not as a zymogen in the resting seed, and 
was destroyed by boiling, as shown by the experiments performed with the 
test-tubes C, 

The experiments were j)ertonnod as far as possible in pairs, in one of which 
freshly harvested grain, and in the other old grain of the same kind, whose 
germinating power was lost, were tested. 

It was inipoBsible to c^arry out any additional control experiments with the 
aid of commercial diastase, for this was found in all cases to contain reducing 
sugar, and it was not found possible with the means at hand to prepare 
auhicient (quantities of pure diastase from the material available. 

It has l>een stated that the artificial addition of commercial diastase to 
ungerminable or feebly gorminable seeds may bring about or increase their 
germination,* and the idea that ferments are connected with the vitality of 
seeds is a fairly prevalent one.f 

In order to test this statement, samples of such seeds wore sown on damp 
blotting i)aper, and a little dissolved commercial diastase was added to them, 
Similar numbers from the same packets of seeds were sown on damp blotting 
paper and, instead of dissolved diastase, a little plain water was poured over 
them. In addition, two similar sets of seeds were sown as above, but the 
«eed coat of each seed, both in those treated with dissolved diastase and witli 
water alone, was piercfjd once with a needle. In this way the entry of the 
ferment was assured even in the presence of a more or less impermeable 
iateguuient. 

• Not all the seeds which were tested for the presence of diastase were thus 
treated, chiefly owing to the limited quantity of the available material, but 
isufficient '•experiments were performed with each kind of seed to ensure 
accuracy of results. 

Effect of Addition of IJimtase. — The addition of the dissolved diastase to 
intact seeds does not materially affect their germinating power, and in no 
erne does it bring about germination in otherwise non-genninabb^ a<^eds. The 
presence of external diastase aids the development of bacteria and interferes 
with the aeration of the seeds, which may be sufficient in some cases to 

Thompson, * Garten- Flora/ vol, 46, p. 344, 1896; Waugh, ‘ A.nn. Kept. Venxiont 
Agric. Exp. St,/ 1896—7 ; * Science/ N.S., vol. 6, p. 960, 1897 ; Shaj po, * Mobs. Hatch 
Exp. St./ 1901, p. 74. 

t Bruyning, Jr., F. F., “ Belation entre le pouvoir germinative et Tactivitt) diaetatique 
-de grained non-g6nn6ee^’ ; Albo, G,, ‘Bull, della Soc. Bot Ital./ 1908 ; * Arohiv des Sci. 
phye. et nat./ vol 26, p. 46. 

m, mcxxi.— B. 2 I 
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produce a slight lowering of the percentage germination by preventing the 
germination of feebly gertninable seeds. 

The effect of pricking the seeds is apparently injurious, for, as a general 
rule, less of the pricked seeds developed than of the iin pricked ones. In 
addition, samples of all tliese seeds were tested for the presence of diastase 
while in the resting condition, 5 to 20 grammes being used for extraction 
according to Darwin and Acton^s methofl. The precipitate was allowed to 
act on starch solution for one hour, and then tested for reducing sugar. 

Considering the case of tlie wheat first, as set out in the following tables, it 
will be observed that while age materially affects the germinating power of 
the seeds, it does not apparently materially influence the (piantity of diastase 
enzyme present in the seed, nor its activity, at any rate up to an age of 
20 years * 

In every instance, strong reduction was produced by Fehling s test, and the 
variations in the degree of reduction noted in the tables were extremely 
slight, and might be due to differences between the samples when originally 
harvested. 

Tlie different samples of barley gave closely similar results, and the same 
applies to the oats, rye, and maize. 

The oats exhibited the greatest amount of variation, and though in all 
cases a distinct reduction was obtained on testing for diastase, the amount 
present in some of the resting seeds was small Slight differences in the 
amount of reduction are in part produced by extraneous factors, such as the 
strength and ([uantity of the solutions used, the fineness to which the seeds 
are ground, and the detailed treatment during extraction. These results do 
not coincide with those obtained by Acton, f who found that an extract froflto 
wlieat grains which had been stacked for 28 years exercised no diastatio 
action on thin starch solution. He offers the su^estion that the diastase 
present in the freshly stored grains had been destroyed by oxidation, or by 
the influence of micro-oiganisms. Thus reference to the two first cases of 
oats cited in the tables shows that 10 grammes of fresh oats, with a 
germination capacity of 100 per cent., produced exactly the same reduction 
on testing as was produced by 10 grammes of oats from 8 to 10 years old, 
with a germination capacity of mV, under as precisely similar conditions m 
possible. 

The least reduction was produced by maize, the strength of reduction in 

* Broeq-Bouaseau and Gain (‘ Compt. Eeiid. Acad. Sci. Paris,’ vol. 146, 1908, p. 646) 
gtate tliat peroxidase enzymes appear in seeds up to 20 years of age and may persist in 
some cases for 100 to 200 years. 

t ‘Annals of Botany/ vol, 7, No. 27, September, 1893. 
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Diastase Enzymes. 


Kind of »oed. 

Age. 

Btidnction 
with Fehling’e 

Percentage 
of seeds 

Percentage of 
seeds germinated 

Place 
of origin. 


tOBt. 

germinated. 

with diastase. 

Wheat 

jear« 

Fairly strong 

0 


S. .Australia. 

1 

20 „ 

Strong 

0 

— 


,, 

i JO „ 

; Fairly strong 

i 

t) (unprioked) 

}) 

t» 

18 

Very strong 

0 

0 pricked 


! 

17 „ 

16 „ 

Strong 

0 

0 

— 

1 * 

j» 

6 months 


1(X) i 

1 

Victoriiv. 


Diastase Enzymes. 


Kind of seed. 

Age. 

Reduction 

with 

Folding's 

U»Bt. 

Percentage 
of seeds 

Percentage of 
seeds germinated 

Place of 


germinated. 

with diastase. 

origin. 

Wheat 

13 ,\ears 

1 •> ' 

Htroug 

0 

2 

12 

— 

S. Australia. 

»» • 

,, 

11 . 

>» 



ft 

»» 

10 „ 

n 

28 

24 (nnpriclced) 


4 

») 

9 n 

*> 

32 

20 (pricked) 

28 (unpricktfd) 

M 

» 


»» 

32 

25 


„ 

7 „ 


62 

— 

Victoriiu. 

Wheat (Stein wedol) 

8 to 10 yetirs 

St 

0 

— 

„ (Duleith) ... 

1 1 i years 

n 

0 



Whtmfc (Indian 

t; ,, 

»> 

4 

0 (unprickod) 


King) 

Uprley 

5 months 

»» 

IWJ 



„ (Algerian) 

8 to 10 years 


0 

0 (pricked) 


„ (Oh^alier) i 

8 to 10 years 1 

Slight 

1 ^ 

0 (unpricked) 

n 

Barley (Hal let 

4 years | 

Very 

54 

51 (unprioked) 

New South 

Chevalier) 

Oats 

n 

strong 

Slight 

»» 

100 

80 

Wales. 

Victoria. 

„ (Oolden) 

8 to 10 years 

0 

0 (pricked) 


„ (Algerian) ... 

6 years 

*» 

66 

0 (unprioked) 

66 (unpricked) 


D 

« 

Fairly 

84 

— 

>* 

* 

2 » 

strong 

m 



tt 


3 D 


60 

— 

» 

„ (Calcutta) ... 

4i M 

Slight 

72 

— 


>t 

41 « 

Fairly 

76 

— 

» 

Byo 

6 months 

stnmg 

Strong 

100 





4i years 

1* 

32 

32 

t) 

M 

8 to 10 years 

»» 

0 

— 

w 

Maize 

6 months 

Slight 

100 

— 

»» 

UrIm (Cl olden 

4i years 

») 

60 

62 

Now South 

King) 

1 

1 


Wales. 


2 I 2 
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the two specimene used being the same ; but os material which had entirely 
lost its power of germination was not obtainable, the results in this case are 
not perhaps quite so convincing as in the case of the other cereals. 

It might be urged that since the resting seeds were not stored in an 
absolutely dry condition, the persistence of the diastase might be due to its 
being roj)roducetl as fast as it decomposed, but n comparison of the South 
Australian results with thos(3 from Victoria and New Soutli Wales does not 
give any evidence of tliis. 

2, Prok4>iytic Enzymes. — The first method adopted for the deinoustration 
of these ferments was approximately the same as bad heen employed by 
Prof. Vines in his paper on “The Proteases of Plants,"* the dilference Vteing 
that in this case from none of tlic seeds had the integuments l>een removed 
]>efore grinding. 

The grain, 10 grammes in each case, was crushed by the hand mill, and put 
into 100 c.c. of distilled water and sliaken for two hours. The material was 
then filtered and the filtrate was used as tlie digestive solution without 
precipitation of the enzymes. 

Into bottles containing 50 o.c. of this solution were put 3 drops of hydro- 
cyanic acid and 0’2 gramme of well-washed fibrin which had been carefully 
preserved in spirit. Into a similar bottle were put 50 c.c. of the same 
solution which was thoroughly boiled, and wltea cold 0*2 gramme *6! wa8l»e<l 
fibrin and 3 drops* of HON were added to this bottle also. These bottles 
were put into tlie oven at a temperature of 36® (X As in the case of 
diastase, control experiments in which commercial }.>epsin wfis employed 
wore rendered impossible owing to the constant presence of traces of 
peptone mixed up with tlie ])epsin, which was obtained both in the form%)f 
a powder, and as scales, hut always containing the same impurities. 
Attempts to separate the pepsin and peptone by fractional dialysis failed. 

After about 20 hours in tiie oven, application of the biuret test showed 
the presence of slight traces of peptone in the unboiled specimens, whilst 
the boiled specimens wlien similarly tested only gave the violet colour 
characteristic of undigested protoids. 

On treating some of the aqueous solution from the seeds in exactly the 
same way as the above, with the single exception tliat no fibrin was added 
to the bottle, application of the biuret test showed tlxe presence of minute 
quantities of peptone, thus indicating the occurrence of autolysis. The 
results obtained in this way are tabulated along with those obtained when 
dealing with solutions prepared by another method to }>e mw described. 
In order to diminish autolysis and to obtain more satisfactory results* the 
* * Anuala of Botany/ vol 20, 1906, p, 115. 
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enzyiuefl were precipitated from their solutions. The method followed wks 
almost identical with that describeil hy Dean* when dealing with the 
proteolytic enzymes of Cumrlnta pepo. Twenty grammes of the grain were 
ground and mixed with 100 c.c, of cold, boiled water, and shaken for 
two hours. The mixture was then filtered and the filtrate precipitated by 
a volume of saturated ammonium sulphate equal to that of the original 
filtrate. A white, more or less flocculent precipitate was thrown down, 
which was filtered off and dried overnight in an exhausted desiccator over 
strong HaS 04 . 

The ]>r*icipitate was scraped off by means of a sterilised knife as before, 
and dissolved in a small amo\mt of cold, boiled water. 

In testing for fibrin-digesting enzymes, 1 c.c, of the aqueous solution 
produced above was put into each of three, sterilised test-tubes A, B, and C, 
The contents of the test-tube C wore boiled well and allowed to cool. Into 
B and C were put 0*2 gramme of well- washed fibrin, and 5 drops of 
chloroform were added to oaclj of the three test-tubes. The three teat-tubes 
provided with corks were placed in the oven at 35^ C. and left for an 
interval of time varying from two to four days. 

Examination of the contents of all these test-tubes for the detection of 
I>eptone showed that B and C botli gave faint biuret reaction, the boiled as 
well as th*e unboiled specimens. 

A little of tlie liquid from each test-tube was examined binder the niicro- 
8CO{>e, with the result that it was found tube swarming with bacilli, by which 
the conversion of proteids into peptones had been wholly or partially effected. 

This dilficulty regarding the bacteria was due to the prolonged time 
necessary for the action of these ferments to become manifest; ami it was 
evident t^jat the addition of 5 drops of chloroform, and the subsequent 
plugging of the test-tubes, was inadequate to maintain antisepsis, so that, 
it was necessary to adopt more stringent measures to destroy the bacteria, 
but still not to impede in any way tlie action of any digestive ferments 
which might he extracted from the resting seeds. 

After many unsuccessful attempts to find some means of effectively 
fulfilling these conditions, the required end was attained hy soaking the 
groin in strong chloroform for about five minutes after weighing it, and 
grinding it in the mill while still wet. Care was taken that all the bottles, 
apparatus, and water eipployed throughout the experiments were thoroughly 
sterilised beforehand. Prior to putting the test-tubes into the oven 5 drops 
of chloroform were added, and the tubes were stopped with plugs of cotton 
wool. In tliis way complete sterility was produced. 

* * Botanical Gazette,’ voL 30, May, 1006, “ Proteolytic Enzymes,” p. 331. 
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The detailed results are enumerated in tabular form from which it 

will be seen that a proteid digesting enzyme is present, which is destroyed 
by moist heat at 100° C. As in the case of diastase, germination tests were 
performed in order to discover whether the germinating power was affected 
by the luidition of commercial pepsin solution, or bore any relation to the 
persistence of the proteolytic enzymes in the resting seeds. Throughout the 
experiments tlie tempei-aturo of the oven was between 34^^ C. and 40° C. 


Fibrin-digesting Troteolytic Ferments, 


Kind of MOod. 

Age. 

Method, 

Time of 
digestion. 

Keuelion 
with biuret 

Percentage 

. > gernuna- 

tin,, with 

tion. 

Vlaee of 
origin. 







ix>psin. 


Wheat' 

6 month B 

V. 

50 hours 

Faint 

100 

100 

Victoria. 


21 years 

20 „ 

V, 

V. 

tiO „ 

60 „ 

»» 

0 

t> 


S, Australia. 

>► 




D. 

50 „ 

>• 

0 



,, (Indian 


D. 

48 „ 

>1 

8 

4 

Victoria. 

King) 

Wheat 


1). 

40 „ 


68 

68 

S. Australia. 

Barley 

6 months 

V. 

60 „ 


100 

100 

Victoria. 

„ {Algerian) 

8 to 10 years 

V. 

60 „ 

.. 

0 

0 

IP 

„ {Golden 

8 to 10 years 

V. 

t30 „ 

Very faint 

14 

8 

n 

Drop) 

Barley (Ha) let 

41 years 

D. 

' 48 „ 

i 

Faint | 

C4 

25 

New South 1 

Ohevalier) 
Barley : 

1 

4i „ 1 

D, ' 

.. i 

'j 

100 

„ 

Wales, 

Victoria. j 

Oats 

6i „ ; 

^ 1 

1 ,, 

Yery faint 

56 

40 


„ (Golden) 

8 to 10 years 

V. 

00 „ 

»» 

0 

0 

j 

„ 

years 

V. 

60 „ 

>♦ 

92 

81 

** i 

>» < ■ 


^ \ 

60 

Faint 1 

96 

92 

1 

>1 


D. ! 

60 „ 

1 

*> 1 

62 

68 

] 

Rye 

' 1 

l> *; 

6 months 

4| years ^ 

D. 

1). 

64 „ 

64 „ 1 

Fairly good , 
» ' 

100 

82 

96 

29 

C i 

*» i 

It * 

8 to 10 years 

D. A V. 

! 64 „ 

tt 

0 

0 


Maize 

6 inojiths 

V. 

' 70 „ 

t Slight traces j 

>t ! 

100 


' 

„ (Gkilden 

4^ years 

1 

D. & V. 

70 

(iO 

60 1 

New Souths 

King) 



i 
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V, = method of preparing tin? proteolytic fonnents, ‘Annals of Botany,' No. 78, April, 1906, p. 116^ 

I). Dean’s method, ‘ Botuiiicai Gazette/ vol. 39, May, 1905, p. 331. 


Reference to the preceding tables shows that a fibrin-digesting enzyme is 
present in minute quantity iu the resting grains of the cereals investigated, 
and that apparently its amount is not appreciably influenced by the age of 
the grains. Judging the amount of the foruiont by its activity the amount 
present is small in all the seeds tested, the maximum activity being 
possessed by the rye seeds, and the minimum by the maize. The addition of 
comnieroial pepsin solution to the seeds does not in any case increase their 
percentage germination, and where the percentage germination is low t«tds 
to lower it still further. 
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Test for Erepsin . — Further investigations were carried on in order to find 
out whether erej>ain ferments were present in the resting grains. The tuode 
of precipitation of the enzyme has been previously described, the same 
method being employed as was used in testing for pepsin. Before grinding, 
the seeds were soaked for about five minutes in strong chloroform, as was 
<lone when testing for the existence of fibrin-digesting ferments in the seeds. 
One cubic centimetre of the aqueous solution of the precipitate produced by 
the saturated ammonium sulphate was put into each of three sterilised test- 
tubes A, P>, and C. The same ditficulties arose in the case of the samples of 
])repared })ancreatin as were met with in the diastase and pepsin, the 
samples purchased giving tlie tryptopliane reaction owing to the presence of 
amide impurities. As in the case of the fibrin -digesting enzyme, the 
contents of the test-tube C were boiled and allowed to cool. About 0'2 c.c. 
of Witte peptone was added to each of the tubes B and C ; 5 drops of 
chloroform were dropped into each of the throe test-tubes, and the mouths 
of the tubes were plugged with cotton wool. The three test-tubes were 
placed in the oven, which was kept at a temperature of 35° to 36° C. 
throughout the series of experiments. The test-tubes were loft in the oven 
for about three days, during which time they wore occasionally shaken at 
intervals. 

The test adoptetl for the detection of products of erepsin digestioi such as 
amides was the tryptophane tost. About 4 or 5 drops of bromine water 
were added to each of the contents of the t43ftt-tubes A, B, and (’, and without 
exception tryptophane was produced in the contents of the tube B, wliilst 
no trace was observed in A or C. 

The results demonstrate the occurrence of an erepsiu ferment in tlie 
seeds, wl^eh is destroyed in water at 100° 0. Experiments were also 
performed to determine the percentage of seeds capable of germination under 
the action of a solution of commercial pancreatin in water. Tlie results of 
these experiments are stated in a special column of the tables l>eIow. 

As in every instance the tryptophane reaction was w^ell marked, in order 
to economise material the experiments for the detection of ct^epsin were limited 
to one sample of fresh and one of old grains. 

The quantity of erepsin present must be fairly considerable os judged by 
the degree of activity of the extract. 

Reference to tlie tables shows that no favourable effect on the germina* 
tive capacity of the seeds is noticeable as the result of soaking in 
weak pancreatin solution. The addition of a weak solution of jiancreatin 
did not favour germination, but rather the reverse, except in the case of 
4J-year-old rye. On repeating this latter test, however, the seeds only gave 
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Erepsin Ferments. 


Kind of soeds. 

Age. 

j 

1 Method. 

I 

Time I 
acting on j 
peptone. 

Tryptf)- 

phane 

reaction. 

Per- 

1 Ci'utage 
i germina- 
tion. 

Percentage 

germination 

witJi 

paucreutiu. 

Place 
of origin. 

Wheat ! 

2i yoora 

1 ). 

66 hours 1 

Good 

100 

es 

8. Australia. 

„ (Marshair® ; 

H to 10 years 

0 . 

65 

»» 1 

)* 

14 

11 

Victoria. 

1 Prolific) j 

Burley (Engiish)...' 

41 years 

I). 

05 

' 


-14 

44 

0 

„ (Algerian) 
Oftt# 

8 to 10 years 

i 

06 

** i 

»» 

0 i 

0 

. ,, 

It years 

' 1>. 

66 

•• 

ft 

02 ' 

73 

t* 

„ (GoUen) 

8 to 10 ytMirs 

1). 

66 


ft 

0 * 

0 

11 

Bye 

J J ' ' * 1 

6 months 

0. 

66 


ft 

KX) 1 


>* 

8 to 10 years 

1>. 

66 

.. 1 

ft 

0 

0 


1 

44 years 

6 moTitJis 

1). 

64 



84 

80 


Maize ...f. 1 

1). 

66 

,, i Fairly good 

100 



„ (Golden Iving)j 

i 

i 

44 years 

11. 

65 

»» J 

» 

60 > 

60 

New South 




1 




Wales. 


D. «= DoanV method of extracting orepsin, ‘ BoUinioal Gazette/ voh 89, May, 1906, p, 381. 


30 ])er cent, germination after treatment with pancreatin, so tliat the 
apparent rise was of accidental origin. 

In concluding this section of the pajier, the net results may be briefly 
summarised as follows ; — 

, « 

1. Althougli the germinating power continually decreases with advancing 

age, the enzymes persist comparatively unaffected. 

2. Diastase is present in fairly large quantities in both fresh and old 
resting seeds of wheat, barley, oats, rye, and maize, being least active in the 
latter. 

ii 

3. A fibrin-digesting ferment is present in traces in all the above-mentioned 

seeds. ^ 

4. Erepsin is present in cousidemble amount in all the above-mentioned 
seeds. 

5. All these ferments are destroyed by being raised to the temperature of 
boiling water in the presence of moisture, but they are not destroyed by the 
immersion of the seeds for about five minutes in strong chloroform. 

6. The maximum quantity of all the enzymes occurs in rye, and the 
minimum quantity in the maize. 

7. The addition of dissolved ferments does not increase the percentage 
germination of old seeds, and where any efifect at all is produced tends to 
lower it. 



1909,] 


Latent Life of Resting Seeds, 


42S> 


Tlw Effect of Extremes of Temperature on tlic Ger(niu<tii'fi(j Power and 
Enzy me Contents of Seeds, 

High Temperatures,— K\\ the enzymes present in the resting grains ar& 
completely destroyed by moist heat at 100'^ C,, and the same is true of the 
germinating power of iho grains, no signs of germination being apparent 
in the seeds of cereals wliich have ])een immersed in boiling water for a few 
minutes. This appeared to suggest the possibility of some co- relation existing 
between the germinating power and enzyme reaction of seeds regarding their 
powers of resisting liigh temperatures, irrespective of the fact that no such 
co-relation exists between these two phenomena as regards their capacity for 
withstanding time. 

To test whether any such connection really exists, many exporiments were 
carried out, using dry instead of moist heat. 

It is important that the seeds should be as nearly completely dry as 
poBsilde, and for this reason before being used for an experiment tlH\y were 
taken from the store room, which was the driest place obtainable, and placed 
in sulphuric acid desiccators kept in an oven at about 'SfS C. for a week or 
rnoni. The first series of experiments was carried out at 100° C., and the 
method adopted was as follows : — The dried grains were ))laced in perfectly 
dry test-tubes, which were fitted into holes in a sheet of cardboard. Tlie test- 
tubes containing the seeds were placed in a vessel containing boiling salt 
solution, and the bulb of a thermometer was put into one of tVie test-tubes 
among the seeds. The sheet of cardboard prevented any steam reaching the 
ogen ends of the test-tubes, so that the grains were kept perfectly dry, Tiie 
grains were kept at a temperature of 99® to 100® 0., for different intervals 
of time varying from \ liour to 1 6 hours, and on removal from the test-tubes 
their germination capacity and enzyme reactions were investigated. The 
results of these investigations may be obtained in detail from the following 
tables. 

The germinating power became gradually weakened as the interval of time 
during which the grains were subjticted to this high temperature increased, 
but the same did not apply to the enzymic activity, for after IG liours' 
exposure to 99® or 100® C. the actions of the enzymes were apparently in 
no wise impaired. 

A different method had to be adopted in order to raise the temperature of 
the grains above 100® C. This was done by spreading the seeds, which had 
been previously dried in the desiccator, as before in a single layer, and placing: 
them in an oven heated to the required temperature. The temperature 
of the oven was first raised to 120® C. and kept constant for an hour. The* 
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seeds thus treated were afterwards tested for their germinative capacity and 
their enzyme reactions, the former of which was found to be entirely lost in 
each kind of seed used, while the latter was still evident, though in certain 
cases it was markedly diminished. 

The higliest temperature at which the slightest j>osaible traces of enzyme 
reactions remained visible was 130° C., when faint signs of saccharification 
of starch were produced by the diastase extracted from resting grains of 
barley subjected to this temperature. Throughout this series of experiments 
only fresh seeds were employed, whose gemiinatiug capacity before exposure 
to tlie high temperatures was approximately 100 per cent. 

After the grains bad been Imated above 120^ C. the nature of the 
precipitates was apparently changed. While the bulk of the precipitate was 
seemingly as copious or even more so than before the heating of the seeds, 
it was much more soluble in water than that obtained from the same material 
unheate<i, and the filtrate was thinner and less glutinous than before. This 
was especially pronounced in the rye, for the filtering process in this case 
lasted about two hours, while the same process with the fresh seeds which had 
not been exposed to high temperatures occupied as many days. 

The tables appended below show the results of these experiments in detail, 
ix. the effects produced in the seeds on exposure to abnormally high 
temperatures ; the effects of extremely low temperatures on the seeds will be 
dealt with later. 

The methods of precipitating both the diastase and the proteolytic 
enzymes were the same as those emjdoyed in tlie pi’eceding section of the 
paper. 

Briefly summarising the results set down in the tables, it is found that the 
most resistant of all the ferments to extremes of heat is the /iiastase of 
barley, which is not absolutely destroyed till tlie grains have been heated to 
131® 0. for an hour. The least resistant of the enzymes is apparently the 
fibrin-digesting enzyme, for it is destroyed entirely at 124° C. in every kind 
of seed tried. This result may, however, possibly he connected with the fact 
that the quantity of this ferment present even in the fresh grains is 
extremely small. 

Whether the slight variation in the resistant power of the diastatic and 
proteolytic enzymes of different grains to dry heat indicates the existence of 
specific varieties of the different enzymes must remain for the present an 
open question, but in any case the most exact experiments merely indicate 
that the ferments in question are no longer capable of extraction and do not 
say whether they have been actually destroyed or merely coagulated and 
rendered insoluble. The coagulation temperature in the different seeds might 
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Temjjerature ExtrenieB. High Temperatures. 


Kind of Boed. 

Tempera- 

ture, 

Time 

steeds 

eipoBod. 

Beroeutage 

germina- 

tion. 

Ke duct ion 
with Fehling’H 
test. 

Biuret. 

reaction. 

Tryptoplitttto 

reaction. 


'^0. 

llOUTH. 





Wheat* 

99-JOO 

h 

48 

Strong 

Faint 

Good. 

Barley 

99--] a) 

i 

32 



Oat« 

99-100 

i 

48 




Wlieiit 

99—100 

1 

24 



ft 

,, 

99-100 

4^ 

(f 



>» 

Barley 

99 1(K) 

M 

0 

,, 



Oats 

99— UK) 

4i 

24 



1 » 

Barley 

99-100 


0 



ft 

Bye 

99 - 100 


0 




Maize 

99-100 

Oi 

0 




W^heat 

99—100 

10 

0 

j* 



Barley 

99- UK) ! 

u; ; 

0 



It 

Oats 

99 UK) 

10 1 

0 




Wheat 

122 

1 1 

0 


Verv fftujt 

Fairly good. 

Bye 

122 

1 

0 

Faint 


Good. 

Muize 

122 

1 i 

0 

Faintest trace 

ft 

Verv faint. 

Wheat 

124 

1 

0 

Strong 

N one 

Fairly gcKjd. 

Bye 

124 

1 : 

0 

Ffiintt'st trace 


Faintest trace. 

Maize 

124 

1 ; 

0 

Kone 


None. 

Oat«... 

120 

1 

0 

Fa intent troi-e 


,, 

Wheat 

127 

1 : 

0 

Faint 

9 9 

Faint. 

Oats 

127 

1 

0 

None 

M 

None. 

Wheat 

128 

1 1 

0 

Fainteftt tra(»e 

9 J 

Faintest tmee. 

* - • 

Barley 9 , 

lao 

1 i 

0 

None 


None. 

130 

1 1 

0 

Faintt'st trace 

M 


Oat# 

lao 

1 1 

0 

None 



Barley 

130 

' ! 

0 

n 

If 



♦ [In my jMiper on t}n> ritulity of wheat and harh>y are ^ireii «h withstanding a duyV 

dry lient at ItX)'’ 0. The error i« due U) tla* trunBuriptiou of 1 h. into 1 d., and the records are for 
one hour’B heating and not one davV, tlie somewhat higher ]a)roentjiges being jK^saibly due to morti 
perfect drying. —Alfred I. Kwarfc. ] 

nattirally# vary somewhat, since their structure, composition, and power ot 
retaining: moisture all vary to a certain ei^tent. 

The diastase and the erej^sin of the resting seeds appear to be almost 
equally resistant to dry heat, or at least there is more valuation between the 
diastases of difterent resting seeds than between the diastase and erepsin of 
the same seed. 

Above 100^ C. 110 seeds of any kind were found to be capable of germina- 
tion, and the germinating power was absolutely lost in those seeds which had 
been subjected in a dry condition to a temperature of 99^ to 100'^ C. for 
* 6^ hours. Just* showed that as seeds are dried their resistance to dry heat 
increases, and von Hohnelf found that many fully dried seeds could with- 
stand on hour’s exposure at 110^ C. 

* < Cohn’s Beltrage,’ vol. 2, 1877. 

+ ‘ Haberlandt^s Wm-prakt. Unters./ vol. 2, 1877. 
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Low Teviperaiures . — ^The exposure of the grains to low temperatures^ both 
in the dry and moist conditions, had different effects from their exposure to 
high ternj>eratures. The mode of carrying out these investigations was as 
follows : Seeds of fresh wheat, barley, oats, rye, and maize were dried in the 
same manner as when testing for the effects produced by abnormally high 
temperatures, and placed in perfectly dry glass tul;)ea, which were carefully 
sealed off, but which previously to sealing had beett weighted with shot 

Samples of the same kinds of seeds were })Ut together with sliot into 
loosely woven muslin bags, and the tubes and bags were lowered into a flask 
of liquid air. The weighting of tlic tubes and bags was necessary owing to 
the specific gravity of the liquid air being about equal to that of water. 

The liquid air remained in the flask for about three days and all the seeds 
were completely immersed in it for fully two days. 

The seeds were removed from the liquid air and some of each kind were 
sot for germination, while corresponding seeds from the same packets which 
had not been subjected to the temjKiriiture of the liquid air were also set to 
serve as controls. Also some of the seeds from the tubes ami muslin bags 
were ground up and their ferments precipitated as before. Neither the 
germinating power nor the enzyme reactions appeared to l)C appreciably 
affected in the case of any of the cereals by the exposure to the extreme 
cold of the liquid air, the temperature of which is approximately* —200^0. 
No constant difference was noticeable between the efl'ects of exposure in 
sealed tubes and of exposure in muslin bags where the seeds were in direct 
contact with the liquid air. 

The slight drop in the percentage germination after exposure t<j liquid air 
in sealed tubes in the case of barley and rye, and in the case of wheat, oa\i8, 
and rye whore the seeds were in direct contact with the Ikyiid air, is 
probably the result of these samplQS containing a few seeds whose power of 
germination was at a low ebb. In any case the differences are very suiall, 
and would be almost within the limit of error, were they not all on the same 
side. 

As no means were available of obtaining lower temperatures, it was 
impossible to arrive at the satisfaction of destroying the ferments by 
abnormally low temperatures, if this be possible. Somewhat 'similar sets of 
experiments were performed by Brown and Escombe,^ who kept various 
kinds of seeds exposed to liquid air enclosed in vacuum-jacketed tubes iow 
110 hours, and then slowly thawed them. They proceeded to test the 
germinating jKjwer of these seeds together with control speoimens, but did 
not discover any appreciable diflferenoe between that of the seeds which had 
♦ ‘Science/ N, Ser., vol. 8, 1888, p, 216. 
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teen exposed to liquid air and the control specimens which had not been so 
exposed. The same conclusions were arrived at by Thiselton-Dyer * who 
subjected seeds to a temperature of —350° C. for 'a shorter period. 
Becquerelf also performed experiments dealing with this subject. 

The results of the experiments performed are as follows : — 


Temperature Extremes, Low Temperatures. 



Peroeufcago 

germination 

(normal). 

Percentage 

Redutitton 

Biuret 

Tryptophane 

1 

Kind 

germination 

with 

reaction 

reaction after 

Contained 

of seed. 

after 

liquid air. 

FehUug’s 

teat. 

after fibrin 
digestion. 

WiU-tvpeptoue 

digestion. 

in — 

Wheat 

100 

ICX) 

Strong 

»» 

Faint 

Good 

Sealed tube. 

Barley 

100 

90 



>> 

Oats 

' 9Z 

I 92 ! 


1 *’ 


' ** t 

Ryo 

m 

90 


" 


1 ! 

> f t 

Maixo 

90 

! 90 



1 >> 

H ! 

, Muslin bag. 

Wheat 

3(X) 

1 90 


1 

” 

Burley 

100 

; 100 




i 

1 n 

Oats i 

92 



a 


; >> 

Ky« 

00 

! 92 1 


>1 

1, 

1 >1 

Mnij^e 

' 90 

90 




i ” 


I 


As regards the ferments, there was not the faintest perceptible difference 
between those precipitated from tlie two sets of seeds, although it must be 
remombored that a difference will only bo perceptible when a relatively large 
part of the original amount of ferment has been destroyed or rendered 
inactive or insoluble. 

It is of great interest to note that the enzymes present within the resting 
grains of the five different genera of cereals employed tliroughout these 
experimcqfs are not destroyed when the thoroughly dried seeds are subjected 
to the extraordinarily wide range of temperature of —200° C. to +120° C., 
«>, a range of 320° C. 

The enzymes of a few varieties of seeds such as the diaatatic ferment of 
terley retains a certain amount of its activity when the range of temperature 
through which the seeds have been expo.sed is — 200° C. to 130° 0., 
range of 330° C. 

The range of temperature through which the capacity for germination is 
retained is from —200° C. to 100° C,, Lt. a range of 300° 0., above this the 
power is apparently entirely lost. 

The conclusions arrived at in this section serve to substantmlly verify that 
drawn from the last section, that the capacity for germination is not 

♦ ‘Roy. Soc, Proc./ vol. 65, p* 362, 1809. 

+ * Ann. ScL Nat, Bot/ ser. 9, vol. 5, 1907. 
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dependent upon the existence of enzymes in the resting seeds of the cereals 
mentioned, although the question will not be absolutely closed until it is 
found possible to germinate seeds which contain no enzymes in the resting 
condition, or in which these enzymes have been destroyed. Since enzymes 
appear to retain their activity within a wider range of (jonditions than does 
the capacity for germination, this is likely to be a matter of the utmost 
difficulty, or may be impossible. 

Beibre concluding the series of experiments in connection with this section 
of the paper the resistance to extreme cold of certain other varieties of 
. seeds was also tested. Some of the different kinds of seeds were tied up in 
loosely woven muslin bags, together with shot to ensure their sinking when 
immersed in liquid air. The bags were lowered into a flask of liquid air in 
whieJj they were left for one and a half days. 

One hundred of each kind of seeds from the liquid air were set to 
gernunate on damp blotting paper in a special germinating box, whilst 
100 of each kind which had not boon exposed to the extreme temperature of 
liquid air were set to germinate on damp blotting paj)or alongside them. 
The varieties of seeds employed were chosen from sorts possessing widely 
differing characters, including some which, being sensitive to desiccation, 
might also be sensitive to extreme cold. 

The names of the seeds used are enumerated in the tables, accompanied by 
the relative numl)ers which germinated under normal conditions and after 
exposure to liquid air respectively. The third column contains data supplied 
by Prof. Ewart for comparison between the resistance to extreme cold and to 
desiccation. 

Reference to the table sliows that in not a single instfinco were the seecis 
entirely killed as the effect of their immersion in liquid air. 

The infiueiioe of the low temperature is natumlly most pronounced in 
the case of samples with a comparatively low germination capacity in which 
a number of the seeds are only just able to germitiate under the most 
favourable conditions. 

In tlie case of the carrot seed, freezing appeared to increase the percentage 
germination, but on re-testing the original seeds a percentage gemmation 
of 65 was obtained ; possibly the first test was discontinued too soon. 

The liquid air apparently exerts a retarding influence on the germination 
as, except in the isolated case of the cress seeds, in which signs of germination 
were apparent in 100 per cent, of both sets of seeds one day after sowing, 
gejrnination was always noticeable in the seeds grown under ordinary 
conditions before those which had been subjected to the intense cold of 
liquid air. 
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Germination Tables. 


Kind of soed. 

Por(wntag6 

germination, 

(Kormal.) 

Liquid air. 

Kenistance to deniocation. 

Applo { Pyrus malua) 

12 

4 

Sensitive to severe desiocation. 

IWmp {Braaaica eampentris) 

91 

SB 

48 per cent, after 48 days’ desicca- 
tion at 37*^0. 

Ormn {Lepidium aatitfum) ... 

100 

100 

SO per cent, after 4 weeks in abso- 
lute alcohol. 

Carrot {Daiwua carota) 

36 to 05 

69 

LasU 10 years in dry air. 

Haricot i^Phaaeolus muUi- 
flurtia) 

KW 

JK) 

2 per cent, after 45 days* desicca- 
tion at 37^ C. 

Hi'inp {Cannahis aativa) 

24 

7 

Nil aft;er 15 days’ dcHicoatit>n at 
37" C. 

Lasts 10 years in dry air. 

Mitftt-ard (wHiU') (Brmaica 

: 85 

I 1 

1 72 

alha) 


1 

hohtlia erinus 

' 61 

1 

Sensitive tfC prolonged extreme cold 
(Pe Candolle). 

Parsnips {PeuoeUanum sati- 

45 

1 18 

Sensitive to <»xtreme desiccation. 

iww) 




Parsley 

28 

^ 1 

It »» >1 

Nil afticr 42 days* desiccation at 
87^^ 0. 

Poa {Pieum sativum) 

i 

95 

1 

KadUh {Haphanus sativus ) . . . 1 

97 

88 

Lasts 10 years in dry air. 

Bioinas camboffienns 

100 

100 

if. communis 40 per cent, after 28 
ilaya’ desiccation. 

• Sunflower (IJelianthus 

1 annuus) 

i 

70 

' 65 

51 per cent, aftor 42 days’ desicca- 
tion at 37" 0. 


The fact'tluit in every experiment except two there is a lower percentage 
germination in the severely froxen seeds, and that in no instance is tlie 
reverse the case, signifies that to some extent freezing in the liquid air is 
deleterious to the germinative power of st)ed. Another noteworthy 
observation is that there does not apj^ear to be any particular class of mui 
wSich is more injured by the extreme cold than any other class, e.g., of throe 
Muds of oily seeds tested, viz., Hemp, Helianthus, and Eiciims, while the first 
was strongly affected, the second was little, and the last-named seed not at 
all injured by —200® C. for two days. 

The starchy seeds of cereals are, however, as resistant to the effects of 
exposure to liquid air as are the oily seeds. 

Lobelia erinus seeds were seUiCted as good subjects for experiment on the 
strength of the statement of De Candolle^ that dry seeds of Lobelia, erinn^s. 
lose their vitality sooner at very low temperatures than at ordinary ones, 

The results tabulated in this paper show tliat the vitality of some is lost,, 
but as 13 per cent, were found to germinate after exposure for one and 
a half to two days to a temperature of approximately —200° C., it is pn>bable 
that if the time of their exjwsure were increased somewhat the vitality of all 
the seerls would be destroyed, 

^ PfefTcr, ‘ Physiology of Plants,* JSngl. translation, vol. 2, p. 234, 
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Prom the third column on the list it can be seen that, on the whole, 
though not without exception, the resistances to extreme cold and to extreme 
'desiccatio]! are approximately parallel. 

4. 77ir ReAjriratory Activity of EcditUf Seeds, 

hi this series of experiments the respiration of certai!i other characteristic 
kinds of seeds was tested in addition to the foregoing cereals. 

Whotlier dried seeds lespire at all, and if they do to what extent, is one 
of the most discussed problems in plant jihysiology, especially in connection 
with tlie views as io whether the life in resting seeds is merely at a low ebb 
•or is entirely suppressed. 

The apparatus employe<l was Auhert's improved form of tliat of Bonnier 
and Mangin, and, as was stated in a previous paper dealing with the 
respiration of gynaecia* the machine gave complete satisfaction, provided 
that certain jireeautions were taken. Before each set of experiments the 
mercury was removed from the apparatus and was thoroughly cleansed by 
several washings in strong hydrochloric acid, fallowed hy several washings 
in distilled water, and then being passed through a filter to dry. 

This precaution was found to be of extreme importance, for in the pi'csence 
of any impurities such as zinc in the mercury, the inlet of a sample of air 
into the tube produced oxidation of the zinc, and a consequent fliminution 
of the volume of the sample of air when allowed to stand in the apparatus 
for a sliort time. 

The NaOH used was a 40-per-cerit, solution, and the pyrogallic acid was a 
saturated solution diluted to one-fourth its original strength. 

The seeds employed were the ordinary cereals, and also Eucalyptus glohduSy 
Acacia mdauoxylon, Cytisus labur7mm, Setaria itaf/ica, Kicinus capnhogicTmSy 
Oannalm mtiva, and Pinus imirpiis — and the experiments were performed in 
four series, 

1. The seeds used were tested as received from storage. 

2. The seeds tefore being tested for their respiratory activity were dried 
in the oven for eight days at a constant tem2:)erature of 45® C. 

3. Samples of the seeds after drying for eight days at 45^ C. were furiher 
heated in the oven for three days. During the daytime the temperature 
of the oven was 1 00® G., whilst at night the temperature fell to about 70® 0. 

4. Some of the above seeds were still further heated to about 130® C>, 
^hen all were killed, and the gaseous exchanges were again tested. 

For each respiratoiy test a weighed quantity of each seed was passed up 


* * Annals of Botany,* 11K>8. 
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into the upper part of a narrow, perfectly dry test-tube, containing a known 
volume of air, over mercury. These test-tubes had been previously sterilised 
by dry heat in all cases, although with the thoroughly desiccated seeds this 
precaution is not really necessary, except as a means of drying the tube. 

The tubes containing the seeds and mercury were set up vertically in a 
shallow dish of mercury, where they were kept for from 6 to 15 days. 
After this time had elapsed, samples of the contained air were drawn 
into the Bonnier and Mangin apparatus, in which their composition was 
ascertained. 

Those seeds which were found to emit no carbon dioxide in their ordinary 
stored condition were not further tested for signs of respiration in the more 
completely desiccated state, but the qtiantity of moisture was ascertained in 
every kind of seed used. The relative amounts of water present in the 
seeds at different stages of desiccation are set down in a special table wtiich 
follows the respiration tables given below. Throughout these experiments 
the, seeds used were the freshest obtainable, and several analyses were 
made of each sample of air, the results tabulated below being the mean of 


these analyses. 



Respiration of Seeds. 




Kind of »ef»d. 

State. 

Weight. 

Volume 
of air. 

, 

Time. 

Mgrms. 
OOa per 
grm. of 
Botids per 
day. 

Percentage 
volume 
of Oj 
absorb^ 
per day. 



grms. 

c.c. 




u^aeia melanox^loH 

A« stored 

2 

6 

0*005 

0*16 



>1 

0 

18 

7 

0*0 

0*07 

Cannabis soHm 


5 

4 

6 

0*0 

0*3 

^tisns labitfmm 

glohulus 

>* 

6 

* 

6 

0*001 

0 16 


2 

2 

6 

0*0 

0*06 

taftowm (barlej) 


8 

18 

7 

0*0 

0*014 

Sataria italica 


2 

5 

8 

0*001 

0*03 

^bnna insignia 


5 

6 

6 

0 0006 

0*13 

JBtioinm oamhogianaia 

>» 

5 

7 

8 

0 0 

0*10 

Ssoals oaradle 


6 

16 

6 

0*004 

0*16 

Triiitmm liolgars 

»» 

6 

18 

5 

0*18 

2*6 

Zsa mais 

jt 

6 

15 

6 

0 004 

0*02 

Asasria mslannaBg}^n 

Dried at 45® 0. 
in dJ 7 }]ieat 
for 8 days 

r 

j 20 

S 

* 6 

0*0 

0*14 

SAmfia ifoffco 

n 

1*2 

6*6 

4 

0*0 

0*02 

JPt'MI* 


1*6 

6*5 

4 

0*0 

0*08 

asfiais 

f, 

2*0 

6 

6 

0*0 

0*02 



*1 

2 ‘8 

6 

5 

0*0 

0*00 

Zsa maia 


2*0 

6*5 

5 

0*001 

0*12 

ft 

Further dried 
for 8 days at 
100® 0.,d^ heat 

20 

i 

i 

! 

5*6 

6 

0*001 

0*06 


2 K 
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Compariug the preceding tables it is seen that a feeble respiratory activity 
is shown by some of the seeds examined in the ordinary stored condition, 
which varies according to the seed and to the amount of moisture it contains. 
Oats, hemp, barley, Eucalyptus, and Rioinus showed no evolution of carbon 
dioxide, and the trace of oxygen absorbed may be the result of chemical oxida- 
tion or physical absorption. 

Respiration was surprisingly active in the fresh wheat as obtained from the 
seedsman, although not more than 1/300 part of what it is in an active 
seedling. Further, the evolution of carbon dioxide ceased after a comparatively 
small degree of desiccation. Reference to the moisture tables shows that 
the percentage of moisture contained by the wheat was not relatively large as 
compared with the other seeds employed. 

As might be expected from the fact that the seeds of Acnda mdanoxylon are 
completely covered by a cuticle, which in the fully dried seed can withstand 
nearly 45 minutes’ immersion in strong sulphuric acid without becoming 
permeable to water, the percentage of moisture eliminated by slow desiccation 
in dry heat is less marked than in any of the other varieties of seeda The 
carbon dioxide evolved from the air dried seeds does not amount to 1/10000 
of the amount evolved from an active seedling, and is, in fact, nearly within 
the limit of error, and may possibly be the result of oxidations taking place 
in the arillar appendages of the seeds. 

In any case, all respiratory activity as evidenced by the gaseous exchanges 
completely ceased after the same seeds had been desiccated at 45*^ C. for 
seven or eight days. For purposes of control various dead seeds, fragments 
of dead wood, etc., were similarly tested in the air dry condition. In no 
case could any sign of an evolution of carbon dioxide be detected, and the fact 
that in sotj^e oases a trace of oxygen disappeared is not surprising, considering 
the^ structure of the materials tested, and their large bulk relatively to the 
amount of the enclosed air. 

The above results indicate that respiration is not a function of completely 
dry seeds, nor even of seeds after a mild degree of drying, for only in one 
isolated instance, that of Zea maia, was there the faintest trace of any apparent 
respiratory activity present after remaining at 46° C. for one week. The 
amount of carbon dioxide produced in this case was less than one-milliontli 
of that produced by an active seedling in the same time, and was evidently 
the result of the slow outward diffhsion from the bulky seeds of carbon 
dioxide formed while in the air dry condition. The same applies to the traces 
of oxygen absorbed, as the gaseous relationships inside and outside the seed 
become equalised. 

TMs is made even more evident by the fact that the greater number of ^ the 

2 K 2 
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fresh seeds in the air dry condition as obtained from the seedsman exhibited 
no respiratory activity whatever, although they contained qnite appreciable 
quantities of water. Among these non-respiring seeds Ruinw is included, 
though in another species of Bicinm, Becquerel* states that an active inter- 
change of gases does occur in the dried seeds, which he asserts to be a purely 
non-vital chemical action. 

The experiments of Kolkwitzf carried out on barley illustrate the important 
effects produced on the respiration of seeds by the presence of moisture in the 
seeds. He found that — 

1 kilogramme barley grains at summer temperature gave oft' 3'69 m. mg. 
of COj in 24 hours when 19 to 20 per cent, of water was present ; 

1'4 m. mg. with 14 to 15 per cent, of water; and 

0‘36 m. mg. with 10 to 12 per cent, of water. 

BecquerelJ also discusses the effect of the presence of moisture in* the 
seeds on the respiratory activity of the seeds in his extensive researches on 
the latent life of seeds, a short account of which also appears in the 
'Comptes Bendus,' vol. 143, No. 26, December 24, 1906, p. 1177. 


Summary. 

The resting seeds of cereals such as wheat, maize, barley, oats, and rye all 
contain diastatic, fibrin-digesting, and ereptic ferments in appreciable 
amount. These ferments retain their activity without appreciable change in 
stored dry seeds for 20 or more years, that is long after the power of 
germination has been lost, which takes place in wheat after 11 to 16 years, 
barley 8 to 10 years, oats 5 to 9 years, maize and rye over 5 years. The li3fe 
of the stored seeds is largely dependent upon the climatic conditions, a dry 
climate favouring longevity. Thus South Australian wheat lasts longer tt^ 
that stored in Victoria, and still longer than that obtained from New South 
Wales. The difference is, however, not shown strongly until after the 
fourth or fifth year, South Australian wheat being still one-third germinable 
after 9 to 10 years, whereas wheat stored in Victoria had entirely lost its 
vitality by this time. 

No relation was noted between the vitality of seeds and the persiatenoe of 
enzymes in them, but since the enzymes persisted longer than the power of 
germination, the question as to whether germination could take place in the 
absence of any pre-existent enzymes remains to be answered. In any case 

* ‘ Comptes Bendus,' vol. 148, 1906, p. 874. 

f ' £er. d. Bot. Gesell.,’ voL 19, p. 986, 1901. 

1 ' Ann. Sci. Nat, Bot.,’ ser. 9, vol. 6, 1907. 
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no otherwise non-germinahle seeds could be excited to germination by the 
addition of any kind of enzyme, and where the germination was feeble the 
addition of enzymes usually lowered the percentage germination and often 
delayed germination also to some extent 

The erepsin appears to be more abundant than the pepsin, but otherwise in 
the cases of all three ferments greater differences are shown between 
different samples of the same age than between different seeds, or between 
the same seeds of varying ages. Pepsin appears, however, to be more 
abundant in rye than in any other cereal, and is almost absent from maize. 
Dry oats, barley, and wheat can in part resist a temperature of 99° to 100° C, 
for 1 to hours ; after 6 houi*8' 'exposure all are killed, but the ferments are 
apparently unaffected. All the ferments are destroyed after an hour's dry 
heat at 130° to 131° C. The pepsin appeared to be least (1 hour at 124° C.), 
the erepsin more (1 hour at 124° to 128° C.), and the diastase, especially of 
barley, most resistant to dry heat (1 hour at 124° to 131° 0,). 

Two days* exposure to liquid air, although it delays the subsequent 
germination aud may also decrease the percentage, does not absolutely destroy 
any of the seeds tested and does not appreciably affect the ferments in any of 
the cereals. The dry diastase of barley is therefore able to withstand a range 
of temperature of —200° to +130° C. It is therefore thermally a highly 
stable chemical compound. 

Many seeds, including all cereals, give off appreciable quantities of carbon 
dioxide when stored in the air dried condition, but others show no signs of 
resfuration whatever. The respiration of air dried wheat is especially pro- 
nounced, but in practically all oases every sign of respiration ceases when the 
seeds are moderately desiccated, although in the case of lai^ seeds like 
maize minute traces of carbon dioxide may continue to escape for a time. 
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Croonian Lecture. — The Functions of the Pituitary Body. 

By E. A. ScHAFBK, F.R.S. ’ 

(Lecture delivered June 10, — MS. received July 22, 1909.) 

The observation of £. Marie (1885) that the disease to which he has 
given the name " acromegaly ” is associated with tumours of the pituitary 
body has caused this organ to attract the recent attention of pathologists to a 
greater degree than any other of the structures which were formerly dassed 
together under the generic name " ductless glands.” Since Marie's descaip* 
tion of that disease, very many cases have been recorded, and in most of 
these the same association has been noticed. 

The most striking sign of acromegaly is the increased growth of certain 
parts of the skeleton, especially the lower jaw and the extremities of the 
limbs, with hypertrophy of the connective tissue; indeed, tjie enlargement 
of the hands and feet is frequently the first qhange which calls attention to 
the existence of the disease, the patient finding that his gloves and boots 
are becoming too small for him. In the later stages there is dorsal kypho- 
scoliosis. Headache is a prominent symptom, polyuria is often present, end 
the eyesight is frequently affected. Acromegaly usually occurs in adults, 
often about middle age, although it may begin during adolescence. An 
allied affection — (pathological) gigantism — ^which occurs before uomal 
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growth is completed, is aocompanied, in addition to many of the above 
symptoms, by an increase in length both of the limb bones and of the trunk, 
BO that the patient affected attains an altogether unusual stature. This 
also has been found in most cases that have been examined to be associated 
with tumours of the pituitary body and a concomitant eirlargement of the 
sella turcica. It is probably the case that the changes in the skeleton in 
acromegaly and gigantism are due to the same cause, operating, perhaps, 
at different stages during the progress of growth, and that this cause is to 
be found in an alteration in the fimctions of the pituitary body.* Assuming 
from what is known of the above diseases that the functions of this organ, 
or of a part of it, have to do with the growth and nutrition of the skeletal 
tissues, it has still to be decided whether the increased and abnormal growth 
which is met with in them is due to diminution or excess of the activity of 
the gland. The former view was taken by Marie, who noticed — as others 
have done since — that the nature of the tumour which is found after death 
is often such as to have produced complete destruction of the organ, 
a cancerous or sarcomatous formation having been freqtiently described. 
Those who uphold this view look upon the gland as in some way — probably 
by means of an internal secretion or hormone — ^regulating the growth of the 
skeleton, which in the absence of such regulation proceeds abnormally. 
But the opposite view (Tamburini, 1894, and Woods-Hutchinson, 1894) has 
also been advocated, viz., that the symptoms of acromegaly and of gigantism 
are due to a hypertrophic condition of the pituitary, or, according to the 
very probable suggestion of Woods-Hutchinson, of its anterior lobe alone, 
;^faioh may be considered to produce too great a quantity of a hormone 
which stimulates bone-growth. The most important argument in favour of 
Uiia view is derived from the fact that the pituitary tumours which have 
hpen found to be associated with the acromegalic condition have in many 
instances, especially where the tuinodr has not been unusually laige, been 
described as a simple glandular hyperpla^ of the anterior lobe. And in a 
few oases of acromegaly which have been noted to be unaccompanied by any 
distinct enlargement of the pituitary; the glandular cells have been described 
as unusually full, of the granules which are generally regarded os indicative 
of the secretory activity of the cells. 

On the other hand, the numerous instances in which after death the 
glandular substance of the organ has been found entirely destroyed and 
replaced by cells of the types met with in malignant growths seem at first 
to offer difficulty to the acceptance of this view, and to favour the opinion 

♦ Cf. Wood»>Matohituon (1898, 1800). According to Woods-Hutchinson, the connec- 
tion ^ween aoromegaly and gigantism was first suggested by Cunningham (1891). 
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propounded by Marie that the symptoms have been produced by suppression 
of the internal secretion. But to this it may be raplied that in such cases — 
as, in fact, is not unfrequent in tumours of glandular organs — it is possible 
to assume that the tumour at its beginning was non>malignant and of the 
nature of a simple hyperplasia, the malignancy of character being estab- 
lished later, and only then proceeding to destruction of the glandular 
type of cell. 

The chronic character of the affection favours on the whole this supposi- 
tion. For it appears to be established experimentally that complete 
extirpation or destruction of the gland is incompatible with continuance of 
life for more than a few days at the utmost. If we assume — which we are 
not entirely justified in doing — that destruction by disease will have a 
similar result, then we should expect, if acromegaly be due to hypertrcq)hy 
and increase of activity of the gland, that as long as such a tumour is merely 
glandular and benign, the series of symptoms which characterise the disease 
would gradually develop, and it is a known fact that in most recorded cases 
it has pursued a alow course with a gradual development of the characteristic 
signa It is unlikely that at this stage the tumour which is forming is 
already malignant, and especially that it has assumed a saroomatous 
character, which is that which has perhaps been most often described 
post mortem in this disease. It is more probable that the malignant'character 
has become developed sliortly before death, and by no means improbable 
that death has resulted from entire suppression of the function of the gland 
owing to destruction of the normal glandular cells by those of a malignant 
nature. One must at tiie same time bear in mind the existence of pther 
possible causes or contributory causes of death, such as the pressure of the 
tumour upon the base of the brain and the mere existence of ^alignant 
disease. But in many oases the tumour has not been of sufficient size 
to justify death being attributed to these causes, and the assumption that it 
has resulted from destruction of the normal glandular tissue is probably correct. 

If the symptoms of acromegaly are due to an excess of secretion from the 
gland, one would not expect amelioration as the result of pituitary feeding. 
Campbell Geddes (1908) mentions a case in which the patient became 
rapidly worse when pituitary and ovarian extracts were given) In this case 
the pituitary was 30 times the normal weight, and showed simple hyper- 
trophy of the anterior lobe tissue only. There was no polyuria, although 
this condition is often found either with or without glyoosutia in both 
acromegaly and gigantism. Its occurrence is best explained, as will be 
presently seen, by supposing the posterior lobe, or, at least, the pars inter- 
media, to participate in the hyperfunctioning of the anterior lobe. 
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Before proceeding further it is necessary to refer to certain facts relative to 
the structure, development, and functions of this organ. 

Development. 

Regarding its development, it is known to have a double source of 
fonnatiou, a hollow extension from the buccal ectoderm towards the base 
of the brain being met by a hollow extension of the neural ectoderm 
occupying the situation of the future infimdibulum. The two extensions 
eventually grow together and constitute the pituitary body, the buccal 
ectoderm, which loses its connection with the alimentary tube, forming the 
anterior lobe and pars intermedia, i.c. by far the larger portion of the organ ; 
while the neural ectoderm becomes developed into the posterior or nervous 
lobe. This retains in some animals its hollow connection through the 
infundibulum with the third ventricle of the brain, although in man and 
other Primates it becomes entirely solid.* 

Sti'ticture. 

The stnicture of the parts which are thus so differently formed in the 
embryo is also, in the adult, entirely different. For while the pars 
nervosa I. posterior shows no development of any tissue which can be 
supposed to possess either nervous or glandular activity — consisting as it 
does mainly of neuroglia elements with very few vessels — the pars anterior 
is formed of a highly differentiated epithelium-like tissue, very richly 
supplied with large and thin-walled capillary blooii-vesselB, many of its cells 
l&ing filled with granules such as are cliaracteristic of glandular structures. 
The app^rance of the pars anterior is, in fact, precisely that of an organ 
which has the property of forming a secretion which is passed from its cells 
directly into the blood-vessels, and one would, without hesitation, class it 
4imoug8t the internally secreting glands. 

The pars anterior in man and in most animals is separated from the 
posterior lobe by a cleft-like cavity, which is the remains of the original 
hollow of the outgrowth from the buccal ectoderm. But the epithelial 
tissue immediately a4joiniug this cleft, and especially that which impinges 
on the pars nervosa, is of a different character from that of the pars anterior. 
The cells ate less distinctly granular: they tend to be arranged in islets 
eq^Murated by intervening tissue which is continued between them from the 

* This description of the development and structure of the mammalian pituitary body 
is based upon the investigations of Herring (1908), which is iteelf supplementary to 
and in many perticulare confirmatory of the reeulte of former observere. 
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pars nervosa, and many of the islets are hollow, forming small vesicles 
which are occupied by a “ colloid ” material The inter-epithelial tissue is' 
far less vascular than that of the pars anterior. But this tissue also 
exhibits “colloid,*' which is contained in spaces prolonged into the pars 
nervosa, and the same material can even be seen discharging into the pro- 
longation of the infundibulum which enters the pars nervosa. Indeed, in 
some animals {c.g. cat) the infundibulum extends as a hollow canal as far as 
the pars intermedia, and this canal receives the colloid secretion of that 
part of the gland. The pars intermedia differs, therefore, from the pars 
anterior not only in the structure of its cells but also in the fact that its 
secretion — which is no doubt represented by the “ colloid ” material — is, in 
all probability, not taken up directly into the blo(ul but is passed into the 
infundibulum and thus into the third ventricle. 

The discovery of this difference, which must be regarded as a fact of 
great importance in the physiology of the pituitary, is due to the investi- 
gations of Herring (1908), who has further found that the amount of such 
colloid which is discharged into the infundibulum is greatly increased after 
removal of the thyroid in animals. It is true that an increase in the 
amount of colloid ** in the pituitary body had previously been noted after 
thyroidectomy ; hut this colloid ” was located by previous obseiwers in the 
anterior lobe, and was supposed to pass into the blood-vessels, whereas it 
has been shown by Herring to be a product of the cells of the pars intermedia 
and to pass into the infundibulum and third ventricle. 


• Ihcmtwns. « 

The first investigations of a strictly physiological character were 

instituted to determine whether the pituitary body possesses any ao^ve 
function were those of Oliver and myself (1896)* We found that aqueous 
or saline extracts — which may be boiled without losing their activity — 
produce, when injected into the blood-vessels, a rise of blood-pressure which 
is comparable to that produced by similar extracts of the suprarenal capsulecu 
We further showed that this effect is produced by an action upon the 
peripheral arteries, which are caused strongly to contract, in this also 
resembling the action of the active principle obtained from the suprarenals ; 
but far more prolonged, and not due to the presence of that substance in 
the extract We did not in these experiments obtain any marked effect 
upon the rate of the heart’s beat, an acceleration of which is a charaotenstic 
feature of the action of suprarenal extract, after the vagi have been cut or 
paralysed (prior to which there may be some inhibition). Nor did we 
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difTerentiate between the action of the different parts of the gland, having 
used extracts of the whole pittiitary body. 

Howell (1898) carried the investigation farther, and added considerably 
to our knowledge of the action of extracts of the gland. He split it 
into anterior and posterior parts, and determined that whilst the extract 
of the former is without physiological activity when injected into a vein, 
that of the latter produces the effects upon blood-pressure and blood- 
vessels which Oliver and I had obtained from extracts of the whole gland. 
Howell further found the rise of blood-pressure to be accompanied by a 
slowing in the action of the heart, and that both the raised blood-pressure 
and slow cardiac rhythm might be maintained for a considerable time. And 
that if a second dose be administered intravenously within a certain time — 
which varies from half an hour to an hour or more — after the first dose, 
these effects are not repeated — in other words, a certain immunity is 
established which only slowly passes off. 

Swale Vincent and I (1899) repeated Howell’s observations. We were 
able to confirm them in edmost every particular, but found that the cardiac 
slowing described by HoweU is not constant, and that when present it is 
not abolished by section of the vagi or the action of atropine. It is, 
therefore, of peripheral origin, and not due to the same cause as the 
inhibition which often accompanies the action of adrenin, which is brought 
about by an action upon the cardio-inhibitory mechanism in the bulb. We 
also found that not only is there generally no me of blood-pressure resulting 
from a second or third dose of the extract of posterior lobe, but there is 
invariably a fall, which, however, lasts only a short time. We showed 
that this fall of blood-pressure is due to a depressor substance acting upon 
the blood-vessels; that the substance is soluble in alcohol, in which the 
piessor substance is insoluble ; and that it is not identical with cholin, which 
has a similar action, and might be supposed to have been extracted from the 
nervous tissue of the lobe. These facts have now been corroborated by 
many experimentalists, and it has recently been shown that they hold 
good for extracts of the human pituitary (Halliburton, Candler, and Sikes, 
1909). 

But the action upon the circulatory oigans does not exhaust the effects of 
such extracts. For in the course of oertadn experiments which Dr. E. M^us 
and I were conducting in the summer of 1901, we incidentally noticed, as one 
of the results of intravenous injection, a marked increase in the flow of urine 
from the ureters. Pursuing the subject further, in association with Herring 
(1906), the fact became evident that the aqueous extract of the posterior lobe 
—-including the pars intermedia, which comes away with it when it is 
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separated from the anterior lobe — has a specific action both iipcm the renal 
vessels and upon the kidney cells. For whereas this extract produces 
contraction of most of the arteries in the body, it has the opposite effect upon 
those of the kidney, causing them to dilate, although this dilatation, which 
is very marked and lasting, may be preceded by a short period of contraction. 
The increase in flow of urine, although no doubt greatly assisted by the 
dilatation of the kidney vessels, which is coincident with a rise in general 
blood-pressure caused by contraction of other arteries, is not entirely produoetl 
by the vascular changes. For it may occur without them, as in the case 
when a repeated dose of thei extract is administered intravenously within a 
short interval. In such cases, as we have seen, the rise of blood-pressure may 
fail altogether, or even be replaced by a temporary fall, and ttiere may also 
be no further dilatation of the kidney produced ; nevertheless, the. diuretic 
effect may still occur, and this can only be explained by supposing that there 
is some substance in the extract which acts by directly stimulating the 
secretory activity of the cells. Moreover, I have had occasion to observe 
that the converse of this experiment may oooasioually be obtained, and this 
with a first dose; the normal effects of rise of blood-pressure and dilata- 
tion of kidney being produced without any increase in flow of urine (see 
fig. 1). 

It is further noticeable that in a large proportion of experiments 
a common phenomenon is a temporary diminution or cessation of urine 
flow, even although the blood-pressure is raised to a considerable extent and 
the kidney volume markedly increased ; conditions which— on the mechanical 
or filtration theory of urine secretion — should inevitably produce diuresis. 
There is, in fact, very often at first an inhibition of secretion (followed in the 
majority of oases by the oharaoteristic seorotory activity), even although the 
vasculax conditions are throughout favourable to the ooourtence of frpe 
secretion.* The extract is therefore liable to cause two effects which are 
antagonistic to one another. The most reasonable explanation of this is 
afforded by the supposition that the gland contains not only a substance 
which stimulates the kidney cells to aotivity but also another substance 
which depresses their aotivity, and this to so great an extent in certain 
cases that the kidney ceases to secrete, although all the vascular conditions 
for urine secretion are of the most favourable character. Nevettilieless, the 
secretory substance usually ultimately proves the more potent: or it may be 
that the kidn^ cells are more susceptible to its influmioe. 

* TheM facts are iUnatnted by several of the tiaciiiige given in tiia paper in the 
* FhiL Trans, ’ for 1906 by Herring and tuyielf. litis paper deab enchirively with the 
effects upon the Udnay and inlaedlow of sxtracis of pituttuyi 
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signal a small dose of extract of posterior lobe was administered intravenously. 
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These two substances are iiot the same aa those whioh influence the blood- 
vessels of the kidney, which may also be affeoted in opposite ways. For 
although the most striking effect upon kidney volume is to produce augmen- 
tation. this augmentation is in a large number of oases preceded by a 
temporary diminution. But the temporary diminution of volume of the 
kidney is not the cause of the temporary diminution or cessation of urine- 
flow, whioh, as above noted, is frequently seen as the first effect of an intra- 
venous injection ; for the diminution (or oessation) of flow may last long after 
the diminution of volume has disappeared, and even after this has become 
replaced by a large augmentation of volume.* 

Finally, an important fact in the physiology of the pituitaiy body is that 
which was first satisfactorily determined from the experiments of I'aulesco 
(1907), viz., that this organ, small though it js (it weighs about jf gramme in 
man), is essential to life. Animals from whioh it is removed were found by 
I’aulesco inevitably to die, usually within 48 hours — indeed, sometimes 
within 24 hours, although in others the fatal result was delayed to three or 
four days. Previous observers had obtained contradictory results, some 
denying that the removal or destruction of the gland produces any appreciable 
result (Friedmann and Maas, 1900, Lo Monaoho and Van Eyaberg, 1901), 
others averring that it is fatal but that life may be prolonged after removal for 
several days or weeks (Marinesoo, 1892, Vassale and Sacchi, 1892', Narbutt, 
1903). But the methods which were adopted before Paulesco’s work was 
published were not calculated to inspire confidence that the removal of the 
gland was complete, since in them attempts were made to arrive at tiie 
situation of the pituitary either through the base of the skull or through the 
vertex. By both methods the diffioulttos of the operation are very great, as 
are the liabilities to hssmorrhage and to injury of adjacent parts o^he brain. 
Moreover, no clear view can be obtained of the gland by those methods, i^d 
the operator works largely in the dark. Paulesoo arrives at the gland from 
the side through the temporal bone, whioh is removed freely on both aides, 
au incision also being made in the dura mater. Through this on the one side 
a retractor is introduced, and the side of the brain gently elevated until the 
reddish-yellow pituitaiy body is seen lying in the sella turcica. It can, in the 
dog, easily be shelled out of tins with a small ourette, and t^e brain may then 

* These observatioBs of Herring and myself upon the eftsots of |dtuitary extracts upim 
the renal blood-veiaela and on the secretory functions ot Uke Iddney have been confirmed 
by J. Pal (1909), who states, however, that the dilatation sffisot is produced on Uie 
peripheral branches only of ths venal arteriss, the main tranka patiioipating in the 
coDstrictioR whioh is produced in the vessels generally. Hal also finds that the coronary 
vessels participate in thS general constriction of Uood-vesaris oansed by pituitary extract, 
which in this respect alto dilliBn from supmrenal extract. 
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be allowed to resume its normal position and the wound closed. The animals 
show, on recovery from the anaesthetic, at first, as a rule, no adverse symptoms 
and take their food readily ; but in the course of the second day tliey begin to 
exhibit lassitude, and they die, witliout any very clear cause, within 48 hours, 
Paulesco performed numerous experiments on various animals belonging to 
different classes of vertebrata, always with a similar result. Control experi- 
ments in which there was a rehearsal of the whole operation, but without 
actual removal of the pituitary, produced no effect ; death, therefore, must 
have resulted from the removal of this body. 

Similar experiments have been carried out in the Hunterian Laboratory 
of the Johns Hopkins University, by Harvey Cushing, in conjunction with 
Reford (1909). Their experiments have been entirely on dogs, altogether 16 
in number.* The method employed is in the main that used by Paulesco, 
but with one or two improvements of technique. The results of complete 
extirpation were uniform and entirely confirm Paulesco^s conclusion. Livon 
(1909) has also performed confirmatory experiment8.t 

These experiments exhibit the serious danger that lurks in any proposal for 
entire removal of the pituitary for tumours. It is clearly necessary that some 
portion be left in order that the functions of the gland, which are essential to 
life, may be carried on. For it has not been found possible either by 
grafting jfituitary or by feeding with pituitary substance to sustain life after 
removal of this organ — as in the otherwise analogous case of complete 
thyroidectomy. 

It is not yet known which part of the pituitary is essential to life. It is 
almost impossible to remove one part alone, so closely are they dovetailed 
ifito one another ; indeed, the pars nervosa and pars intermedia are in direct 
continuit 3 j,and both are almost completely enclosed within the pars anterior. 

Paulesco states that the mere separation of the pars nervosa from the 
infundibulum has sometimes proved equally fatal with the actual removal of 
the gland. In view of the discovery by Herring that the secretion of the 
pars intermedia discharges through the pars nervosa into the infundibulum, 
this statement of Paulesco is of great interest, But it still requires 
oonfirmatiou, 

* Gushing has since reported 100 cases of total or partial hypopbysectomy, * Joum 
Amsr, Med. Assoa,' July 24, 1909.— [iiW added Auffuet 3, 1909.] 

t It has recently been denied by Hchera (1906) and by Gemelli (1908) that destruc- 
tion of the hypophysis is followed by a fatal result. I am convinced, however, from my 
own experience, ^^t in such cases the destruction could not have been complete. My 
experiments in this direction, although less numerous, confirm those of Paulesco and of 
CMaing and BelOrd, but I Imve not thought it necessary in the present communicati<m 
to refer to them in detail. 
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Maeay (1908) has endeavom'ed to produce ** pituitary insufficience/^ 
t.e. a diminution or interference with the functions of the gland, by 
preparing an antiserum or cytotoxine by intraperitoneal injection of 
a guinea-pig with an emulsion of dog’s pituitary at intervals of two days, 
and after five injections collecting the blood of the guinea-pig, centrifugalising 
it, and injecting the serum (about 10 c.c.) under the skin of a dog. After 
two or three such injections the dogs, according to Masay, show symptoms 
which he interprets as due to pituitary insufficienoe, viz., loss of flesh, 
muscular weakness, especially in hind limbs, and modifications in the 
skeleton, accompanied by histological changes in the pituitary ; the symptoms 
constituting, according to Masay, a veritable cackeHa hypophysipriva. 
But such experiments require to be multiplied and carefully controlled before 
the results can be accepted as produced by changes in the pituitary body. 

Various views other than those hei*e set forth have been taken regarding the functions 
of the pituitaxy. Cyon, who was one of the first to study the effects of intravenous 
injections of pituitary extracts, considers that the gland secretes several active substances, 
one of which in particular acts upon the regulator nerves of the heart — especially the 
vagus— increasing the force of the beats and slowing the action of that organ, this being 
accompanied by a raising of blood-pressure ; an action somewhat like that of muscarine. 
Cyon also states that direct excitation of the gland in situ, whether electrical or 
mechanical, is capable of producing effects of a similar character to intravenous injection. 
According to Firrone (1903) and to Li von (1908) these effects are not due to excitation of 
the hypophysis but of adjacent parts of the brain or its membranes. But Cyon states 
that after extirpation of the pituitary the effects are not got \ nor according to him is 
a rise of blood-pressure obtained in the carotids on compressing the aorta in a hypophy* 
sectomised animal. Masay (1908) has rej>eated these experiments and obtained results 
similar to those of Cyon, but was inclined to attribute them to operative shock, although 
recognising that this explanation offers difficulties. Cyon believes that the pituitary is 
an organ which is closely inter-related to the thyroid, ^ing set in activity by differences 
of pressure within the skull, and influencing the flow of blood to the brain through the 
thyroid. ^ 

Bogowitz (1889) and others have regarded the pituitary as supplementary or vicarious 
in its functions to the thyroid apparatus, this term including the parathyroids, but it is 
difficult to reconcile this view with the results yielded by experiments on the effects of 
extracts of the two glands and on the results of extirpation. 

An antitoxic function has also been ascribed to the organ, certain observers looking 
upon the gland as destined to neutralise poisons of bacterial origin or even poisonous 
substances produced by the tissues. This view was suggested^ but apparently afterwards 
relinquished by Marie, and has been upheld by Guerrini (19Q4), Gemelli (1906), and 
Thaon (1907), who describe structural appearances in the pituitary after poisoning with 
bacterial products «id with certain drugs which they regard as evidences of a functional 
reaction or hyperactivity. Such a conclusion does not, however, appear to be justified 
by the facts ol^rved. 

It seems, at any rate, clear that we must look upon the anterior lobe as 
different in function from the posterior lobe (including pars intermedia), 
and it is advisable to study these parts as far as possible separately. 
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Presknt Observations. 

During the last two years I have been engaged in attempting to elucidate 
the question of the function of the several parts of the oi^n. Dr. W. Cramer 
at first, and more lately Dr. H. Pringle, have materially assisted me in 
chemical examinations connected with the research, and Dr. Pringle has 
given me help in various other ways, including the histological examination 
of the pituitaries. I am indebted to Messrs. Burroughs, Wellcome, and Co. 
for a supply of material in the shape of pituitaries in both the fresh and 
prepared condition. 

Most of the pituitary material used has been obtained from fresh ox 
pituitaries which had been kept for a few days (while being collected and 
sent) in a liottle with chloroform. Each gland was then taken, its connec- 
tive tissue capsule removed, and the larger anterior part separated from the 
much smaller posterior part — the latter including also the pars intermedia. 
The separated portions were spread tliinly on glass and dried thoroughly on 
a worm plate at a temperature of about 40° C., and in this state wore 
powdered and preserved. 

Anterior Lobe. 

Feeiling JSaoperiTnents. 

With this material a series of feeding experiments has lieen planned and 
in part carried out on white rats, both young and adult, the animals being 
usually kept three or four together in a cage, with a similar number, 
generally from the same litter, in a second cage as a control. The cages are 
ooLtrived so that the urine and faces are separately collected, and are 
contaminated os little as possible with the food, which has consisted of bread 
and milk in a certain constant proportion made into the con.sistency of 
a thick paste. This paste is placed within a cylindrical beaker. Upon the 
top of the paste, but within the beaker, rests a heavy metal disk with 
a central hole large enough for the snout of a rat to pass through. By this 
means the animals are permitted to feed at any time, the metal ring always 
falling as the food decreases, so that the rats cannot scAtter the food over 
the cage as otherwise they are apt to do. The amount of food consumed was 
determined (in some of the experiments) each day by weighing the beaker and 
its contents. The uijine was allowed to accumulate in a vessel containing 
abundance of thymol for a regular number of days — usually four or seven — 
and was then examined for amount, reaction, specific gravity, percentage of 
urea, and in some cases for phosphorus content. The feeoes were removed 
daily and reserved when it appeared necessary ; they showed no diflPerence 
VOU LXXXI.— B. 2 L 
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obvious to the eye between those of the pituitary-fed and control animals. 
The pituitary-fed rats received with their bread and milk a certain small but 
constant amount of the dried gland, either from the anterior or from the 
posterior lobe, the proportion of pituitary substance to the bread and milk 
food being extremely small. The control animals were fed and kept 
in a completely similar fashion, except that in place of pituitary an equal 
amount of the dry powdered substance of some other gland — usually testide 
or ovary — was added to the bread and milk. The weight of the animals was 
regularly recorded. 

Some of the details of one experiment performed in this manner may 
here be given. A litter of eight rats was taken immediately after being 
weaned and divided into two groups (A and B) of four each ; the two groups 
being, as it happened, of exactly the same wei^t All were males with the 
exception of one of the rats of Group B. Both groups were at first put 
upon the bread and milk diet alone for four days ; it was found that during 
this period Group B tended to increase in weight slightly faster than 
Group A. To the diet of Group A was then added a small constant amount 
of the dry powdered material derived from the anterior lobe of ox 
pituitaries. Group B, which were kept as controls, received in place of this 
an approximately equal amount of dried powdered material prepared from 
the testicle ; for which was, later, substituted a similar materia! prepared 
from ovaries.* At an advanced period of the experiment a small amount of 
powdered material derived from the posterior lobe of -the pituitary was 
mixed with the powdered anterior lobe which was being given to Group A. 
The experiment was started on March 4 of this year and terminated on 
June 3. 

At the commencement of the experiment the average weight of each rat 
was 44‘25 grammes in each group. A week before the termination of (he 
experiment (t,e. on May 27) one rat of Group A and the female of Group B 
were killed. At this time the average weight of each rat of Group A was 
160 grammes ; of each rat of Group B, 131 grammes. After eliminating 
the female, which weighed only 113'5 grammes, and one of the (male) rats of 
Group A, which Weighed 170 grammes, the three remaining (inale) animals 
belonging to Group A were found to averige 165 granunes ; while the three 
remaining (male) animals belonging to Group B averaged 142 grammes. 

At the termination of the experiment the remaining -animals, which were 
all healthy, vigorous males, were killed and X-ray photographs were taken of 
them. These have yet to be examined and measured. 

* The amount of calcium in the eubatanoee given to the two groups was nearly 
same ; if anything the balance was against that given to Group A. 
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constant proporticm of dry jK>wdered anterior lobe of pituitary was added, whilst Group B received a similar 
amount of testicular or ovarian substance. The addition of these substances to the food was iMun on March 8. 
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Up to April 1 the urine was collected every four days, after this every seven days. On May 27 one rat of each gnmp was Uiled. The ei 
was continued to June 3 with tliree rats only in each group. This part is omitted from the table. 
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The experinienfc is here set out in tabular form and some of the results 
are given in the form of charts (figs. 2 and 3). In the table the total weight 
of the animals in each group, the total amount of urine collected in the 
given time, its reaction and* specific gravity, and the percentage of urea are 
shown. 

The chart (fig. 2) shows the relative rate of increment of weight of 
Groups A and B, the dates being marked upon the abscissa at proportionate 
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Fio. S. — Chart showing Bate of Growth of two groups of Eats from sam« Group A 

with addition of anterior lobe of pituitary to food j Group B, controls. The addition 
was commenced on March 8. * 


lutervals, whilst the weights in grammes are given as ordinates. Thd 
drop in weight from May 6 to May 13 was due to the fact that the 
feeding of the animals during paft of that time was restricted to only 
two hours a day. This chart shows that whereas before the pituitary 
feeding began there was a tendency for the rats belonging to Group A 
to increase in weight less rapidly than those of Group B, after eight 
days of the addition of pituitary to the food of A these show a steady 
increase on Group B, the increase being continued up to the rad of the 
experiment. 

The chart (fig. 3) shows the relative amount of urine per diem in the two 
groups, csalculated per kilc^mme weight of animal. The ordinates 
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represent cubic centimetres : the dates as before are marked proportionately 
on the abscissa. The correspondence between the two curves is almost 
complete : the fluctuations, which are considerable, and are probably cansed 
by varying meteorological conditions — especially, perhaps, temperature — 



synohronise in a singular manner :• only towards the end of the experiment 
aijd after the animals of Group A had received a certain small proportion of 
posterior lobe, intermingled with the dried anterior lobe powder which they 
had previausly been taking, is there any distinct difference in the relative 
amount of urine per gramme weight of animal, and even this does not show 
itself immediately. 

The fluctuations in the urea excretion correspond on the whole with those 
of the amount of urine, but there was less urea excreted in the pituitary-fed 
animals than in the controls. 

This experiment is given to show the manner in which we are 
endeavouring to approach the problem as to the effects of pituitary feeding 
upon growth rather than with the intention of drawing positive conclusions 
from it. We must await the result of other experiments still in progress 

. * The nseessity of working with a duplicate set of control animals is well illustrated 
by the curvet in this experiment. Without such control the veiy considerable fluctua- 
tioas, which are pvobably due to meteorological conditions, might easily be misinterpreted 
M ellhcts contingent on the experiment. 
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and projected before attempting to decide whefdier pituitary feeding has the 
distinct influence upon growth which might be interred from this 
experiment. 

Here the obaervationa of Cerletti (1907) and of Biindri (1907) may bo briefly 
referred ta 

Cerletti injected young animals (intraperitonealty). Ah the result he found that the 
boneH of the animals receiving the pituitary emulsion were after some time, as compared 
with controls, somewhat shorter as regards the diaphyses but larger as regards the 
epiphyses. If Cerletti^g results are to be accepted, they appear to indicate if anything 
a retardation in growth of the bones, at any rate in the direction of length. Bandri fed 
young mice with pituitary — apparently with the pure crude gland to tlie exclusion of 
other food. He states that this caused an arrest of growth, but there seem to have been 

no controls made with food of a similar jjercenUge comp>8ition. Saudri also injected 

young guinea-pigs with an emulsion of the gland, and found that in these also growth 
was diminished. 

Our experiments have certainly not shown any arrest of growth as the result of 
pituitary feeding. 

Grafting Ex^trimmiU^ 

Another method by which we are endeavouring to investigate the effects 
of pituitary secretion upon growth is that of implanting pituitaries of other 
individuals of the same species in various parts of the body, such as the 

brain, the subcutaneous tissue, the muscular tissue, the peritoneal cavity, 

and the kidneys* But so far these experiments have failed to* throw any 
clear light on the question by reason of the fact that we have not in 
any case obtained a permanent graft of the implanted organ. The chief 
result which has been noted is a temporary increase in the amount of urine 
secreted, a result due either to absorption of the diuretic substance which 
the transplanted pituitary contained, or, perhaps, to a temporary functioiAag 
of the implanted oigan preceding its degeneration. All the animals in 
which this attempt to implant the pituitary has been made — inefuding dogs, 
cats, monkeys, and rats— have remained healthy and have been killed After 
a certain lapse of time. In no case have we been able on pont-mortm 
examination to substantiate the presence of the characteristic epithelial 
structure of tlie pituitary at the site of implantation. In one experiment, 
which is still in progress and a chart of which is appended (fig. 4), the 
animals (rats) with pituitary grafts grew at first at exactly the same rate 
as the controls of the same litter and sex. But after three weeks the 
controls for some unexplained reason lost weight for a few days, and have 
hardly as yet managed to catch the others up. 

The chart of urine-secretion (fig. 5) follows almost exactly the same course 
in the two groups: the effect of the implantation in these animals was 
therefore to all appearance nil 
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PosTKRioE Lobe. 

The experiments hitherto mentioned have been concerned mainlj with an 
attempt to elucidate the functions of the anterior lobe of the pituitary; 
those that we liave next, to consider had mainly in view the diuretic 
properties of the secretion of the gland, which former investigations have 
shown to be most probably connected with the posterior lobe, at least with 
the pars intermedia. The experiments on this subject may be referred to 
under three heads, viz., feeding, grafting, and stimulation by injury. 

Feeding Ea^perimerds. 

There seems to be little doubt that the exhibition by the mouth of an 
active water-extract of the posterior lobe may greatly increase the amount 
of urine secreted. We have frequently, although not invariably, obtained 
such increase in animals; where it has failed to occur — as, indeed, may 
happen also with intravenous injection — the failure is probably due to some 
special condition in the individual which renders him irresponsive to the 
excess of pituitary substance which is passing into the blood. What this 
condition may be we need not stop to inquire, but it is noteworthy that the 
activity of the gland in promoting diuresis often appears greatest in oases 
in which the amount of urine which was previously being passed is less 
than usual. 

In connection with this part of the investigation, Mr. Harold Stiles was 
good enough to allow an active extract of the posterior lobe of the ox 
pituitary to be tested upon two children under his care, both convalescent 
after operations and otherwise in good health; these may be given ae 
instances of the effect of the extract. 

In the first of these oases, a boy, aged 10 years, during a period pfior to the 
exhibition of the extract, was secreting an average of 28 fl. oz. of urine per 
diem, while during and immediately after the period that the extract was 
being administered the average secretion was 38 fl. oz. 

In the second case, that of a girl, ^ed 9^ years, the average amount of 
urine in the period prior to the administration was unusually low, viz., only 
9 fl. oz. per diem, whereas daring and immediately after the period of 
administration it rose to an average of 29 fl. oz., and was one day as muoh as 
35 fl. oz, 

Instances of marked increase of urine-secretion as the result of the 
clinical administration of pituitary extract exist in the Uteratore of the 
gland. Marinesco (1895) gives tlm results of the treataient of three oases 
of acromegaly with tablets of pituitary. In the first the average amount of 
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urine was increased from about 1 litre to to 2 litres per diem ; in the 
second from 1100 to 1300 o.c. ; and in the third case, which was already 
diabetic, the increase was from 16 to 21 litres. J. Axam (1908) observed a 
marked diuresis as one of the effects of administration of 0*3 to 0*4 gramme 
ox pituitary in cases of infectious fevers. 

The accompanying chart (fig. 6) of a feeding experiment upon rats may 
also be here given in illustration of the diuretic effect of pituitary feeding. 



Pig. 6.— Chart of Urine Secretion of two full-grown Male EiUe, A* and B*, fed on bread 
and nplk, to which in tlje case of A« a small addition of dry sheep’s pituitary was 
made on and after Juno 1, while B* was given aa a control a similar addition of dry 
testicular substance. 

The chart shows the amount of urine in cubic centimetres per kilogramme 
and per diem secreted prior to and during the administration (along with 
the ordinary bread and milk food) of a small amount of sheep's pituitary. 
In this case the whole gland was used, a little of the dry powder, which had 
been kepis for several years, being added to the food. Two large male rats 
were chosen of about the same weight (250 grammes), one for use as a 
control. To the food of this one an equal amount of dry testicular substance 
was added during the time that the other one was receiving pituitary sub* 
stance. A preliminary observation was first made, extending over rather more • 
than two weeks, no addition being made to the ordinary food. As a result 
of this it was found that one of the two rats secreted rather less urine per 
kilogramme body- weight than the other. This one (A*) was selected for the 
pituitary addition, and the other (B*) for tlie control. During the first week 
of pituitary feeding the curve of the urine secretion of A^ is approaching 
that of B* ; during the second week it crosses it, and in the subsequent weeks 
it maintaina a higher position, so that in place of secreting about 25 per 
less urine than B^, as was the case before the feeding with pituitary 
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began, it now secretes about 25 per cent. more. The same fact is illustrated 
towards the termination of the experiment which is illustrated by the chart 
given in fig. 2. 


Qrafting EocperimeMis, 

The effects upon the secretion of urine of gi’afting pituitary have already 
been referred to in connection with growth, but it may be of interest to 
record some of the results on urine-secretion which have been yielded in our 
attempts to effect the implantation, 

A cat, which was passing, prior to the operation, 207 c.c. of urine per 
diem (average of 15 days), was found to pass during the 15 days succeeding 
the implantation of the piUiitary of another cat into its peritoneal cavity 
an average of 276 c.c., the greatest increase being during the first week after 
the operation. In another cat the average amounts were 180 c.c. (before) 
and 233 c.c. (after). In a monkey the amounts recorded were 202 c.c. and 
256 C.C. respectively — for a daily average during 16 days before and after 
the implantation. Of two rabbits o]>erated upon in this way, the effect pro- 
duced in one was hardly noticeable, but in the other the amount of urine rose 



Fig. 7. — Chart of Urine Secretion of two groups of full-grown Bale (three in each group) : 
Group A* with pituitary implantation into muaclea of back; Group B, oontroU. 
The implontatione were made on March 9. 
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from an average of 50 c.c. before the implantation to an average of over 
100 C.C., and on one day to 150 c.c. during the week following. 

The result was in all these cases temporary, and the effect of implantation 
upon the urine gradually disappeared, no doubt ooincidently with the 
destruction and absorption of the unplanted tissue, which, as I have already 
mentioned, we failed to find on post-mortem examination. 

Similar results have been obtained with rats. Thus in one experiment a 
graft of pituitary was ‘made into the muscles of the back in three full-grown 
rats, three others of similar dimensions being employed as a control The 
amount of urine passed before the operation was rather more in the control 
animals than in those selected for the implantation. After the grafting the 
amount of urine per gramme weight of animal showed a decided increase, 
and this increase persisted for some weeks. This is shown in the accom- 
panying chart (fig. 7), in which the curve shows the amount of urine in 
cubic centimetres ptu* kilogramme weight of the pituitary-grafted animals, 
and curve the amount in the controls. The urine was collected at first 
every four days, subsequently with a seven days' interval. 


Stimulation of Pituitary hy Injury. 

With 4he view of deternuning what effect injury to the pituitary might 
have upon the performance of its functions, we have in some animals exposed 
the gland by the method of Paulesco and subjected it either to mechanical 
injury or to partial destruction hy means of a feeble thermo-cautery. Before 
the operation the animals were all approximately in nutritive equilibrium. 
The results are striking, and may be illustrated by giving the main results 
of three experiments, all on dogs. 

(a) A*dog weighing 5*5 kilogrammes and taking each day 180 grammes of 
biscuit was passing, immediately before the operation, from 30 to 40 c.c. 
of urine per diem. The pituitary was subjected to partial injury by means 
of a warm, but by no means hot, electro-cautery ; the animal recovered 
without a bad symptom, except that during one or two days it was thought 
to turn towards the operated side in walking. The day after the operation 
40 c.c. of urine was collected; the next day 180 c.c. ; the next 230 c.c.; 
the next 102 c,c., the amount gradually coming down, although an average 
amount of 114 c.c. was maintained during the whole period of 19 days that 
the animal was kept alive, whereas the average of the 19 days prior to the 
operation was 54 c.c. It may be noted that, contrary to what occurred in 
the other coses, the amount of water consumed was in this cose greater during 
tho efter perihd tlian during the period prior to the operation. 
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(h) A dog weighing 9*5 kilogrammes was passing, during 11 days prior to 
the operation (which was similar to the last), 110 c.c. urine per diem. 
During the 11 succeeding days the average was 182 c.c., and the increase was 
maintained until the animal was killed 10 days subsequently. The greatest 
amounts passed were on the third, fourth, and fifth days after the operation, 
the amounts on these days averaging 266 c.c. The average daily amount 
of water taken for the 11 days before operation was 400 c.c., for the 11 days 
after operation 310 c.c. 

(c) A dog weighing about 6 kilogrammes had its pituitary exposed by the 
method of Paulesoo and Cushing, and with a blunt instrument the gland 
was mechanically injured and partially broken. During the four days 
preceding the operation the average daily amount of urine secreted was 
119 c.c. During the four days subsequent to the operation the average 
amount was 192 c,c. After the fourth day in this case the average fell to a 
normal amount. The average daily amount of water taken during the 
four-day periods was 322 c.c. before and 235 c.c. after the operation, 

(rf) Another dog weighing about 9 kilogrammes was subjected to exactly 
the same operative procedure, the brain being exposed from the side and 
raised so as to bring the pituitary body freely into view. But the gland 
was not ^touched nor intentionally injured in this case. The wound was 
closed in the same manner as in the dogs in which the pituitary liad been 
mechanically injured. The polyuria which was displayed in the other three 
cases was only exhibited on the second and to a less extent on the third day 
in this dog, and this is probably to be accounted for by the fact that the 
animal refused its ordinary diet of dog biscuit and water on the day 
following the operation and was given milk instead ; of this it consumed 
450 c,c,, whereas the amount of water which it was in the habit of taking 
with the biscuit rarely exceeded 200 c.c. 

The microscopical examination of the pituitary in the first two dogs 
(a and b) reveals no serious injury, but in both blood is extravasated inta 
the central cavity, and there is marked increase of the colloid secretion of 
the pars intermedia — which previous experiments have shown to Ije probably 
associated with the diuretic function of this gland. The pituitary of the 
third dog has yet to he examined, but thei-e is no doubt about ite having 
been injtired. 

Tlie bearing of these results upon the polyuria which occurs in iiyuries 
and tumours affecting the base of the brain is of considerable oHrdcal 
interest. Such cases are well known to surgeons and physicians, and 
frequently recorded. The polyuria and glycosuria have generally been set 
down to injury of a hypothetical centre at the base of the brain. Even 



465 


1 909.] Ths Functions oj the Pituitary Body. 

wh«n associated, as these symptoms often are in acromegaly, with tumours 
of the pituitaiy, they have not been usually ascribed to an increased activity 
of that gland.* Indeed, in many cases of acromegaly, polyuria does not 
occur. Doubtless this is due to the hypertrophy and increased activity 
being confined to the anterior lobe, which is the part usually involved in 
this disease. Often it does not occur until the disease is more advanced, 
and may then be due either to the hypertrophy involving the pars 
intermedia or to this part being stimulated mechanically by the adjacent 
growth. 

Corwltmons. 

1. The pituitary body consists of three parts: (1) the pars anterior, 
formed of vascular glandular epithelium ; (2) the pars intermedia, formed of 
a less vascular epithelium secreting “ colloid " ; (3) the pars nervosa, 
consisting mainly of neuroglia, but invaded by the colloid of the pars 
intermedia, which passes through it into the infundibulum of the third 
ventricle. Tliese parts differ from one another in function. 

2. The function of the pars anterior is probably related to growth of 
the skeletal tissues, including cartilage, hone, and connective tissue in 
general The chief evidence in favour of this is derived from the fact that 
hypertrophy of the pars anterior is associated with overgrowth of the skeleton 
and of the connective tissue in growing individuals, and of the connective 
tissues especially in individuals in whom growth has ceased. These effects 
are probably produced by hormones. 

8. The function of the pars intermedia is to produce a colloid ” material 
^hich contains active principles or hormones acting upon the heart, blood- 
vessels, and kidneys. Probably there are several such hormones acting upon 
blood-vessels and kidneys independently, and also acting antagonistically ; so 
tliat according to circumstances either a rise or fall of blood-pressure, an 
increased or diminished secretion of urine, may be produced, and the effects 
on the kidney may be independent of those on the blood-vessels. The 
hormones which appear to be most active are those which produce contraction 
of tiho blood-vessels in general, with dilatation of the renal vessels and 

EosenbaupFt (1903), who describes a tumour pf the pituitary associated with poly- 
uria, States that he is *‘loth to assume that this is due to the pituitary tumour, since 
there are no physiological grounds to support such a view.” And Steinberg (1897) 
remarka that in the “ die alte Casuistik ” it was not uncommon to associate pituitary 
tumours with polyuria and glycosuria, but that it is more probable that the latter 
symptoms are due to an overlooked condition of acromegaly. More recently, Borchardt 
<1998) has suggested that the glycosuria which is so often recorded in acromegaly may be 
assorted with the hypertrophy of the pituitaxy, but does not especially connect it with 
i^e pars intermedia. 
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increased activity of renal cells, but there appear to be others which cause 
constriction of renal vessels and diminished activity of renal cells ; the effects 
of these latter are generally less lasting. There is also usually an inhibitory 
effect produced on the heart* 

4. Extirpation of the pituitary body is incompatible with survival during 
more than two or three days. Injury of the organ when not extensive 
causes no pronounced symptoms other than increased secretion of urine, 
which is accompanied by increased production of colloid by the pars 
intermedia. Complete removal of a pituitary tumour in man should not he 
attempted, since entire removal of the gland would in all probability be 
speedily fatal. 

6. Acromegaly and gigantism appear to be due to an increase of function 
of the anterior lobe alone. It is this lobe which is always in the first 
instance hypertrophied in those affections. If the posterior lobe is involved 
polyuria is likely to result. The fatal termination which ultimately occurs 
in acromegaly — but which may be long deferred — is probably associated with 
a change in the nature of the tumour, which from being a mere glandular 
hyperplasia becomes of a sarcomatous nature, while the nonnal tissue becomes 
destroyed, 

6. The addition of a small but regular amount of pituitary substance to 

the food produces an increase in the amount of urine secreted. This effect is 
obtained from the pars intermedia and posterior lobe, not from the anterior. 
Implantation of the pituitary of another individual of the' same species may 
produce a similar effect on the urine, causing an increase of secretion which 
may last a short; time but soon disappears. ^ 

7. The addition of a small amount of pituitaiy substance to the food 
appears to favour the growth of young animals; it does not impede or 
restrict their growth. The attempts at implantation of pituitary in youeg 
animals have not in these experiments been followed by any deterioration in 
growth as compared with controls ; if anything, there are signs of improved 
nutrition. But we have not succeeded in establishing j>ermanent grafts, 
and any result which might be looked for could only be of a temporary 
character. 
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On the Occurrence of Protandric Hemuiphroditiani in the Mollusc 

Crepidula fornicata. 

By J. H. Orton, A.E.C.S., Marshall Scholar in the Eoyal College of Science, 
London (Imperial College of Science and Technology). 

(Commimicated by Prof. Arthur Dendy, F.E.S. Eeceived June 8, — Bead 

June 24, 1909.) 

Introduclim. 

Crepidula fornicata is a streptoneurous Gastropod belonging to the 
Calyptrseidffi, a family of the Teeuioglossa. It was first introduced into 
England from America about 1880 (1), when it was imported with American 
oysters. In America it is found on the east cosust from Labrador to Florida, 
but in England so far as is known, it is confined to the Essex and 
Lincolnshire coasts, occurring, however, in abundance in shallow water in 
the neighbourhood of the mouths of the Crouch and Blackwater rivers. The 
conditions on the Essex coast seem to be highly favourable for growth 
and propagation ; indeed, so favourable, that within five or six years it has 
over-run the oyster beds at West Mersea. By attaching themselves very 
strongly to oyster-shells they cause the oyster fishermen much trouble, and 
it may be remarked, by competing for food and oxygen with the oysters may 
become a cause of much more serious trouble in the future. To obtain food 
the animals raise the anterior part of their shell, and extending the head to 
the front edge of the shell, move it slowly from side to side : at times the 
whole shell may be similarly turned slowly round to the one side or the 
other. 

OrtpUuiafomimta is sedentary for the greater part of its life. It forms 
chains," as Prof. Conklin calls them, by the curious habit the individuals 
have of fixing themselves in linear series one on the top of another as in 
fig. 1. Chains of as many as 12 individuals have been found. Viewed as a 
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Fia. — On the left ; Dorsal View of a single Shell : a, anterior ; posterior. On the right ; 
a Poetero-dextral View of a Chain attached to an Oyster-shell (SH). (J nat. size,) 

A, shell of proximal individual ; B, shell of second individual^ and so on. The symbols 
adjacent to the shells denote the secondazy sexual characters of the inliabitants (see text). 


whole, a chain is seen to form a spiral of about half a turn, bending over to 
the right. 

On close examination of the chains it is found that when an individual settles down 
upon another it places the right autero-lateral border of its shell close to or touching that 
of the individual upon which it settles ; since, however, the individual shells are roughly 
semi-ellipsoidal in shape, with the longitudinal axis a little concave to the right, and have 
the left sida a little more convex dorso-ventrally than the right, it follows that the chain 
must form a right-handed spiral. 

In a typical chain the twisting is accentuated by the gradual decrease observable in 
the size of the shells : the shell of the Ix^ttom or “ proximal ” individual being the largest, 
and that of the top or “distaP’ individual the smallest. The “proximal’^ individual 
always fixes the chain to some surface, as the shell of a dead or living animal, a pebble, or 
aj)ieoe of broken pot or glass. In America, chains of two or three individuals are found 
on the ventral surface of the King-crab (2, p. 10). 

The following facts indicate that when a chain is once formed, none of the 
individuals separate : — 

(1) The accurate fitting of each shell into the crevices and irregularities of the surface 

or shell upon which it occurs; hence, only short periods of separation of the 
individuals could be possible ; no such periods have, however, been observed. 

(2) In soft rook the proximal individuals wear a deep impression of the edge of the 

shell by the lateral movement executed in the search for food. In these cases the 
surface to which the middle of the foot is attached is not worn down, so that the 
animal becomes fixed pn a boss of rock, which thus fits loosely into the aperture 
of the shell 

. (3) Animals detached from a surface are appaiently incapable of refixing themselves 
after a certain age, which I have not determined ; for, immediately an animal is 
detached the sacker-like foot becomes ** cupped ” by a strong contraction of its 
muscle fibres ; subsequent relaxation of the fibres does not seem to be possible. 

' (4) Prof. CpnWin states that old individuals sometimes become permanently fixed by a 
oaloareoua secretion of the foot (2, p. ll)* 

TOL. LXXSI,— B. 2 M 
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Theie would seem to be no doubt, therefore, of the permanence of the chains. 
All the young ones, however, are motile, moving about by alternate exten- 
sions and contractions of the flat muscular foot. 

Crcfidula fornicata has hitherto been described as dioecious, with a 
" marked sexual dimorphism ” (2, p. 16), tlie males having been estimated 
by Prof. Conklin as being on tlie average three-quarters the siise of the 
females. Those individuals were apparently called males, which had a 
muscular, cylindrical, and tapering outgi^owth, the penis, on the right side 
of the head just behind the tentacle, as in fig, 2, d". Individuals having no 


S § ? 



Fxo. 'Illustrations of the Five Categories of Individuals In C. Jcmicoku 

The were taken out of their shells and drawn from life (dmal view), the^ 

mantle being turned back over the visceral sac. The branchial filaments are drawn only 
of the male. penis ; n., uterus ; p n, rudixnmitaxy penis ; u, rudimentary uterus 
anus : anterior part of foot ; branchial filamenta ; epipodium ; 

external aperture of uterus; /., foot; a, intestine; mantle vessel ; no., esteraak 
renal aperture ; sp.pr.| sperm groove ; e. t., visoeral sac. (Nat rise.) 
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such outgrowth on the head, but possessing a slightly spirally constricted 
tube, the uterus or extonal part of the oviduct, projecting on the right side 
of the mantle, were apparently called feuuiles (fig. 2, ? ). In dissecting a 
number of those animals I came across an hermaphrodite form, that is a 
form possessing both penis and uterus as in fig. 2 ^ . 

Before the conimeacement of this work, Prof. Dendy had kiudiy given me a large 
collection of the radula3 of Crepidula formcata obtained by liiiu at West Mersea, 
suggesting that I might investigate and compare the variability of the English and 
American sttniks with i-eajject to radnlar characters. I took the matter up, hut after reading 
Prof. Conklin’s work (2, pp. 19 to 25), on the genus Crepidula, decided to extend the 
investigation. Fresh material was obtained from West Mersea, and all of this was 
proHorvod in order to permit of correlation of all characters. 


It was thought that the chain ndatiuns of individuals, and the sex relations 
in the chain would be interesting. A few eutirc chains were therefore 
preserved, and the relative position of the individuals recorded : thus the 
sex relations of the individuals in the chains were brought out as displayed 
in Table L 


Table I. 



In Table I the individuals in a chain are denoted by the letters, A, B, C, , . . 
etc., the proximal individuals being denoted by A, the next to the proximal 
by B, and so on. The chains therefore, read horizontally : — 

FoitoB with a well-developed penis are represented by the symbol S 
„ » nterus „ „ ? 

„ „ penis and uterus „ i 

If the f h ei utt were found to be naturally complete,^ two dote are placed after the last 
symbol^ thus— ^ : 

If the were doubtfully complete, one dot was placed similarly, thus— * 

If the nhaf yi were known to be inoomplete, only the symbol was used-* i 

^ IJetudliy, in a naturally complete chain, the ^ distal ” individual is a very young one. 

however, the distal individual is lurge, one can generally tell if it has had another 
iadividttal on its back by the absence of the periostraeum in an elliptical area on the right 
side of the shelL 


2 » 2 
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A glance at the Table shows that all the iudiviiluals at the proximal ends 
of the chains are females, all the more distal individuals moles, and those 
in the middle of the chain hermaphrodites. In discussing the records with 
Prof. Deudj, it occurred to us that the hermaphrodite condition appeared to 
be a stage in the life-history of all the individuals, and that as the males 
were the youngest, the hermaphroditism, if successive, must be protandric. 
Prof. Dendy suggested that an examination of young specimens would settle 
the matter. I immediately examined a collection of 48 young ones, and 
found them to be all males. Subsequently, 1000 young ones, namely, motile 
forms of the average size of about 1 cm., have been examineci and found to be 
all males.* In a few cases the penis is a mere protuberance behind the 
tentacle, hut as these are the smallest individuals — even larger ones requiring 
microscopical examinatiou — they are doubtless the youngest males. 


Scu! ItelaiionH in the Chains 


A systematic examination of the sex relations of the individuals in the 
chains was begun at this stage. Observations of about 350 chains were 
recorded. A sample of the records made is shown in Table V (p. 476). 

At the outset of the examination, however, it was found necessary to adopt 
additional categories to the ^ , and ? ; for all stages were found on the 
one hand between § forms and cf 's with a rudimentary uterus, and on the. 
other hand between ^ forms and ?*s with a rudimentary penis. The 
number of stages found, however, intermediate between c? ^i^d ^ was 
small compared with the number of stages found intermediate between 
? and 

The following arbitrary categories were adopted : — 


Males with a rudimentary uterus are represented by 
the symbol 

Forms intermediate between i w.r, and § are repre- 
sented by the symbol 

Females with a rudimentary penis are represented by 
the symbol 

Forms intermediate between ^ and ? p.r. are rei>re- 
sehted by the symbol 


^ u,r. (w uterus rudimentary). 
See fig. 2, S tt. r. 

i uterus small). 

$ p.r, (penis rudimentary). 

See fig. 2, ? 

^ p.a («■ penis small). 


Occasionally individuals were found with both a small 
uterus and a small peak ; such are represented thus 


« (» penis small and uterus 

it.s. small). 


In the records will be noticed here and there symbols which are bracketed, 
and another symbol or series of symbols placed alongside, and enclosed with 


^ As determined by the possession of a penia 
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these in a square bracket, thus: — [(c?)(<J)^]. This indicates that younger 
and smaller individuals settled down on members of the main or primary 
chain, and formed secondary or side-chains ; occasionally even tertiary chains 
were found. 

A comparison of the chains, even in Table V, brings out the regularity of 
the positions in which the diflerent categories of individuals occur. As 
before, the ? 's are found at the bottom of the chains, the 'a at the top, and 
the ^ 'b in the middle. Between the more distal ? 's and the ^ *8 are found 
the 9 p.r.’s ; between the more proximal ’s and the ^ *s or distal females 
are found the c? w.r/s. 

Hence, in a typical chain a series may bo constructed to read from the top 
to the bottom, thus : — cf > c? ^‘^*1 ^ ^ ? • 

It is interesting to note this series is just what one would expect to find if 
cf 's passed successively through the different stages indicated, becoming finally 
$ 's. It is certain, as will be sliown later, that such a change does occur. 

All lengths of chains occur from as many as 12 individuals in a chain down 
to one. A single individual was regarded as settled if its shell fitted 
accurately the irregularities of the surface upon which it was found, and if 
this surface were found to be clean. It is to be remembered that the records 
do not bring out the facts that in all chains there is typically a decrease in 
size from proximal to distal individuals. 

In reviewing the records it is seen that a chain of a given length may be 
formed by various combinations of tlie five sex-forrns (see chains 91, 338, 340, 
in Table V, p. 476), but the relative positions in the chains of in<iividuals of 
the different; categories are, with rare exceptions, constant, Occasionally it 
was found that an ^ form occurred between two c? 's. 

• Chain Formation, 

From a study of the records therefore, it would seem that chains are formed 
as follows : — 

A male settles down on some surface, but before another niiilo creeps on 
to its back it may pass through the series of changes from d* to ? as shown 
in Table II. Chains of one individual may be said to be at Stage 1, chains 
of two individuals at Stage II, and so on. 

At any time while the single male is changing into a female, another male 
might creep on to its hack, settle down permanently, and form a Stage II 
chain. The new comer may then change to a female, and thus a Stage II 
chain might be found in any of the conditions represented in Table IIL 
Similarly, another male might settle down upon a Stage II chain at any 
oonditloti of the latter, and, changing in turn into a female, would form a 
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Stage III chain in one of the conditions represented in Table IV. Similarly, 
Stages IV and V, and so on, would be formed, and tables oould be drawn 
up to indicate their different possible conditions. 

Table II * ' Table III.* 



1 No of time* 
A. B. ! foimd among 

'records made.i 

Stage I (o) ...j 

<? = 

51 

h) ... 

ff.r. i 

0 

1, (<■) ... 

i ■■ 

4 

! „ id) ... 

? p,r . : 

11 : 

>. («) ... 

9 

40 ! 

! 



A. B. 0. 

No. of time* 
found among 
record* made. 

Stage II (a) ... 

S i : 

4 

„ (b) ... 

s w.r, i ; 

1 

.. u ... 

^ ■ 

3 

w ... 

9 P-r. S : 

12 

w ... 

9 e 1 

30 

.. (/) ... 

9 S : 

0 

>. (s) ... 

9 ^ : 

10 

w ... 

9 ? i 

6 


9 9 : 

4 


Table IV.* 



A. 

B. 

a B. 

No. of time* found 
among record* made. 

Stage III (a) 



e 

3 : 

0 

tf 



(? «.r. cJ 

<J : 

0 

>t 

(<? 


i 


3 •• 

0 


{d 



9 ^ 

3 * 

5 

i» 

(« 


$ 

i 

* 

11 




9 


<? S 

1 

» 



9 

d 

(? : 

8 

ft 



9 

9 

<y : 

16 

ft 



9 

9 

d t 

5 

ff 



9 

9 


0 

»i 



9 

9 

d ; 

8 « 

ti 

(1} 


9 

9 

9 P^r, t 

1 


(m] 


9 

9 

9 t 

1 


* 1. In tliesd tables the chain* read liorieontally and the lifeOiistories of the indiridualff ma^ 
be read TefrtioaUy. 

2. Some of theee chain* occur as side-chains. 

On examining the whole of the records made of the natural chains, I find 
that all the conditions of chains shown in Tables II, 111, and IV occur except 
Stage I (J). Stage II (/), and Stage III {a), (J), (c), and (;')• The number 
of times each condition in these stages is found in the whole of the records 
is put in the right-hand column in Tables II, III, end IV. Probably the 
earlier conditions of Stage III oliains do not occur because the S period of life 
will already have been passed by “ A ” individuals before niOTe than one or 
two males have been able to settle down on them. Since neady alloonditioiis 
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of Stages I, II, and III are found, I have no doubt that chains are formed as is 
indicated above. The relative frequencies of different lengths of chains in all 
the chains examined — including those in Table V — may be gathered from a 
glance at the curve in fig. 3. 

From fig. 3 it is seen that the longer the chains are the less frequently do 



Fio. 3. — Curve abowiug frequencies of different lengths of chains among 336 chains. 

Ordinates = frequencies ; abscissse individuals in chain. 

they oocftr. Chains of 9, 10, and 11 individuals wore not recorded once, and 
only one chain of 12 individuals was seen. 

The age of change from cT to $ , and the length of time required for the 
formation of a chain of given length are being investigated. 

Some points in the records of the chains are noteworthy. The scarcity of 
V w-f-’s is noticeable. Probably their rarity may be accounted for by the 
following facts. 

^ (1) The uterus develops in the wall of the mantle, and is not visible 
externally until partly developed:* only those individuals were 
recorded as (J u.r’i in which the end of the uterus projected from the 
mantle. 

(2) The cliains have only been examined between February and May this 
year: it is possible the change may occur rapidly at some other 
period of the year. 

Single chains often afford evidence of the change from to ? ; such 
a series as ^p.r, J is oonunon; moreover, in those cases a 
gradual decrease in sise of the penis from the J to the proximal 
? p.r, is also often observable ; a point not brought out in the 
records. 

* The development of the utenu ia being inveat^jated. 



Table V. — Sample of the Secords of the Sex Belations in the Chains of Crepidula Jvmieata. 
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Tho question marks indicato that only the shell ttos pi^sent, and that the chains, of irhich these are the first members, were found unattached to 
any foreign objects. It is therefore impossible to state whether the occupants of these shells were really the first members of the (hains. 



478 


Mr. J. H. Orton, Occurrence of Protandbric [June 8, 


Relation of Primary to Secondary Semtal Characters. 

Having established the fact that a completely continuous series in the 
reduction of the penis, and correlated increase in size of the uterus occurs, it 
became clear that continuity of the primary sexual characters should also be 
found. Accordingly, an investigation was made with this object in view, by 
means of serial sections of the gonad. 

The gonad in all forms consiats of two or three main tubes extending the whole 
length of the visceral mass, giving off tubular diverticula, which anteriorly divide and 
subdivide to form a loose compound tubular gland, but which posteriorly divide at 
most a few times, or are mere blind caeca. The cells lining the tulles proliferate, and 
some are shed into the lumina as genu cells — eggs or sperms. 

In the male the main tubes of the gonad open into a vas deferens, from a dilatation of 
which a narrow tube leads to a groove on the dorsal surface of the body. This groove runs 
. towards the head from the anterior end of the visceral sac to the Imse of the penis, and 
is continuous with a groove in the latter. In the female the main tubes of the gonad 
open into the oviduct A reoeptaculum seminis opening into the oviduct lias been 
described (3). The relation of the gonad to the gona<lucta in the ^ forms is being 
investigated. The colour of the gonad in the ^ is brownish red, that of the ^ brownish 
red or orange, occasionally yellow near the uterus, that of the $ yellow. 

Sections of tlje ^ forms were naturally cut first, but an examination of 
the gonad in all those investigated revealed nothing but ova, Sections of the 

proximal” males were then prepared, with the result that botlj ova and 
sperms were found in the gonad. An examination of the gonad of all the ^ 
males in a chain indicates, as far as observations go, that there is a gradual 
increase in ova in the gonad the nearer a male is to the most distal ? ; but 
even the smallest cJ's examined have a few ova in their gonad.* It therefore 
seems doubtful whether pure males, i.e. males with only sperm in the gonac^ 
are ever found in Crepidula fomieata. Hence the necessity of defining the 
term “ male.” The term male ” is usually applied to an organism which 
produces only sperm in its gonad. As, however, in most of the higher 
animals a special part of the body is modified into an intromittent organ, the 
presence of such on organ is adopted as a criterion of maleuess. Usually this 
is a fair inference. In species presenting no sexual dimorphism, such as 
Amphioxus and Echinoderms, one resorts to the true criterion of maleness or 
femaleness, namely the pi'oduction of ova or sperms in • the gonad. In 
Crepidula fomieata, therefore, to be strictly accurate one should examine the 
gonad of every individual possessing even a well developed penis before 
committing oneself as to its sexual character. As a matter of convenience, 

* Since G. Smith (4) has found ova in the gonad of the d of many apeciea of 
Crustacea, it would seem that a careful microscopic exammation of the gonads of all 
males, made in the light of these observations, might bring out important facts bearing 
on the nature of malenesa. 
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however, I have adopted the simpler plau of calling all forms with a penis, 
males ; it being understood that nothing more than the presence of the 
external male character is implied. 

The youngest forms, however, are doubtless exclusively males as regards 
function, and the oldest forms probably exclusively females. 

Examination of the gonad, then, at different periods in the life-history of 
CT&pid%da fornimta^ makes clear that at first it produces ripe sperms only, 
but becoming with advancing age more and more egg-producing, until finally 
it is probably entirely egg-producing. There is, therefore, no doubt that all 
the individuals of this species are born as males, and change in the course of 
their life-history into females. 

It is interesting to note that all stages of the gonad may occur among the 
individuals of a single chain. A comparison of the primary with the 
secondary sexual charactex'S made at any phase in the life-history of an 
individual shows that the development of the former is always in advance of 
the latter ; indeed, the primary sexual characters forecast the secondary sexual 
characters.* 

It has been shown that the right antero-lateral borders of the shells of all 
the individuals in a chain are very close together ; since the penis of the 
male and the external aperture of the uterus of the female are also on the 
right side anteriorly, it follows that any male in a chain could transfer sperms 
to any female ; but no such transference has yet been observed. 

Ctepidvla fornicata appears to be the only one of the many species of the 
genus which has taken to the habit of forming chains of more than two 
^individuals jf in several other species, however, namely, G. adunm, C. plana, 
C. mnvexa, a male is often found mounted on a female (5). Crepidula 
fomicaUf. is also the only species of the genus yet described as hermaphro- 
dite, but probably other species are hermaphrodite, as will be shown below. 

In Crepidula fornicata it would seem, therefore, that chain-formation and 
hermaphroditism are in some way causally connected. Knowing, as we do, 
that most of the genus Crepidula are sedentary in habit, and that 
sedentariness is associated throughout the whole animal kingdom with 
hermaphroditism ; knowing, further, that a closely allied species, Crepidula 
plana, shows at least signs of, ifjnot complete hermaphroditism (see below), it 
would seem that chain-formation is an adaptive phenomenon, which has 
arisen along with, and favoured the acquisition of, protandric hermaphro- 
ditism. 

* In view of the conception of a sexual formative substance (4, p. 85), this phenomenon 
is tiot without adgnfiJcanoe. 
t See footnote, page 482. 
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Chain-formation, along with protandrie hermaphroditism, eflfects a strict 
economy of the sperm of the males, since the sperm is probably all transferred 
to the females ; moreover, this arrangement probably ensures cross- 
fertilisation of all the females. la this respect chain-formation with 
protandrie hermaphroditism is an advantage over permanent hermaphroditism 
with self-fertilisation, and no doubt leads to as great productiveness as would 
obtain in a motile unisexual condition. Greinduht formcata^ therefore, has 
become adapted to a sedentary life without losing any of the procreative 
advantages of a free-living habit. 

The individuals forming side-chains are almost always on the left side 
of the primary chain, and therefore cut oS from all sexual relations with 
any of the individuals of tlie latter. Here would appear at first sight to be 
a mal-adaptation, but individuals settling on a primary chain are quite 
comparable with those settling down on foreign objects ; if the phenomenon 
is not due merely to chance, however, the former would appear to be the more 
gregarious. 

Occurrence of Dwarf Females. 

The variation in size in this species is indeed remarkable ; it has been well 
described by Prof. Conklin (6, pp. 438 to 440). Size, besides being dependent 
on the usual conditions, is also determined by the extent of the, surface 
of attachment. If individuals settle down on a small pebble or other surface 
where expansion is impossible, they remain permanently dwarfed. Mature 
dwarfed females have been found in such situations as small as 1’8 cm. long by 
1 cm. wide, their shells being generally somewhat thickened, especially 
around the edge. On a flat surface of unlimited extent individuals may, 
grow to a size of 5*5 cm. long by 3*5 cm. wide. Crepidtda fomicata is thus 
able to regulate its shell-forming metabolic processes to the individual 
requirements. A similar readiness to adapt itself to its situation is exhibited 
by C. plana] but an even greater difference in the size of the extremes has 
been observed in this species by Prof. Conklin (2, p, 12), a race of dwarfs 
having been described by him as being one-thirteenth the size of the larger 
forms ! 

The smallest females found in Crepidtda fornicata are the dwarfs 
mentioned above; they often occur in the middle of an oyster-shell surrounded 
by chains, the posterior ends of the shells of which converge on the middle of 
the oyster-shell, thus preventing expansion of the enclosed individual. 
Dwarf females, however, often have § forms or ?jE?.n's fixed upon them, and 
since single settled males are found quite as small, there is no doubt that 
these small females have once been males and are really dwarfed. These 
dwarfs, as in the case of those of (7. plana, appear to be dwarfs merely by 
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reason of their environment, being only, as Prof. Conklin provisionally calls 
them, physiological varieties.” 

In soma cases chains were observed in which the proximal individuals were more 4 )r 
less dwarfed) but as the posterior ends of the shells of dwarfs tend to overgrow the 
surface to which they are attached, especially if such be a small pebble, the dorsal surface 
of the shell of the proximal individual offers a larger surface than did the pebble, hence 
the “B” individuals in such chains are able to and do grow bigger thtoi the 
individuals. In such chains the largest individual is found about the middle, and is often 
an ^ or even a (J. 

Chains dredged up jtjst off the shore at West Mersea were found to consist of larger 
and more numerous individuals than those dredged up from ** the Main,” about 20 miles 
farther down the coast ; these, however, may be phenomena arising from the usual 
conditions which determine size, as food supply, temperature of medium, chemical com- 
position of medium, and so on. 

Sex Pheiwmena in Allied Species, 

Prof, Conklin has made estimations of the relative average volume of the 
S 'b and $ 's of several species of Crepidula, obtaining the following relations : — 

The males of G. plana are yV females. 

„ C, adunca. „ i 

„ C, mnve^t^ „ ^ 

„ C. fornicata „ i 

He therefore naturally concludes that There is then a marked sexual 
dimorphism in these molluscs, the mature females being generally much 

larger than the males ; the females are mdeMary, the males locomotive ** 

(2, p. 16). 

In another place (6, p. 441) he furtlier states : “ In all species of CrepdduUi 
the males are smaller than the females . . . . ” And again (5, p. 442) he 
states VThat in the case of the other species named {convcxa, adunca, 
^avicelloides, 2 ^htna) the males are never immovably fixed to one spot . . . , 
their shells also are not distorted so as to fit irregular surfaces as is the case 
with the females. In all cases locomotion is limited to small individuals. The 
ypuug of all species and both sexes crawl about freely and rapidly. In 
C, mwexa individuals of both sexes retain this power to a limited extent, 
bat the large femalm of adunca, navicelbides, and plami become firmly fixed, 
wherms the males of these species remain small and retain, to a certain extent, 
their power of locomotion^ .... In plana the shell of the male is more 
nearly round than that of the female, and is usually more sharp-pointed at 
the apex . , . . [In a] number of individuals the older part of the sliell has 
the male characters, while the newer part has those of the female.f In 

^ * The aire mine, 

t 2, p. 10. 
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such animals the penis is usually very small, and in some cases has almost 
entirely disappeared. Quite a complete series of stages in the degeneration 
oi this organ was observed from the fully formed organ on the one hand to a 
minute papilla on the other. Sections of such animals show that neither 
male nor female sexual cells are produced at this time(!) The evidence seems 
to favour the view that we have in these cases an example of protiindric 
hermaphroditism, but I am not able to assert that this is really the case^ 
although I have spent much time in attempting to decide it.'* 

From these quotations the foDowing facts are brouglit to light : — 

(1) The males in all species of Crepidula are smaller on the average than 

the females. 

(2) The females of the species of adimca, naviceUoides^ and^/a^wi are fixed, 

but the males are motile. 

(3) The adult females and males of £7. convexa are motile to a limited 

extent. 

In the light of the present observations on Crepidula fomicata^ I have no 
hesitation in concluding that (7. plana is also a protandric hermaphrodite, as 
Prof. Conklin suspected. It is highly probable also that the species, adxmim 
and navicelloidcs are protandric hermaphrodites, but there is not sufficient 
evidence available for a judgment on £7. convexa,^ * 

A careful research on the proportions of the young males and females, and 
on the sexual character of the young of the various species of Ci^epidu/a, may 
bring out an interesting series of stages in the evolution of protandric 
hermaphroditism. 

Sex Phenomena in the Streptonewra. 

It is significant that Pelseneer should remark (6, p. 124) that " s^entary 
species (of Gastropods) often possess a rudimentary penis." Stimulated by 
this statement, I examined a collection of 160 Calyptrcea chinemie, and found 
that all the small ones, about half the number examined, were d ’8> while 
the larger ones were either or but were nearly all Jp.r.’s. 

Since all the small ones are males, however, it would seem that, this speciea 
is also a protandric hermaphrodite. An investigation is being made of the 
primary sexual characters to decide the question. It is probable, therefore. 

* jyy so. — Sinoe tha above was written, Mr. E. Smidi bas drawn my attention to a- 
chain of C. name^Uoidee (probably exhibited in the oBMe of the firttUh 

Natural History Mueeom. 1 was kindly allowed to exanime the Masewn oc^etioa of 
OalyptrsUhe, and in a ooUeetfam of 0, ddatata from Anond I found tiie following ehaiiw 
A, $ p. r. ; 1^ d* In another oolleetion of the same qieoiee from Patagonia, out of eeven 
individuals the three smalteet were S% tiie others being eithe* ? pjr>. or 9. ^tia 
stronger evidenee is adduced for the above etatemeata 
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that protandric hermaphroditism may be found to be much more common in 
the Streptoneura than is thought at present. Pelseneer mentions 10 other 
Streptoneurous hermaphrodites, one of which, Entoconcha, is known to 
be protandric (6, p. 159); three others, Entowlax, Entosvphon , and 
Exteroxems are probably protandric. Six others occur, Valvata^ 
Bathyaciadiuin, Odoatomia, Coemlina, Omuliopm, Marsenina, of wliich 1 have 
not found descriptions. C, fornicaia may now be added to this list. 
Hence, it would appear that one of the chief distinctions between the 
Streptoneura and the Euthyneura is beginning to break down. 

The sex phenomena observed in Crepidula fornimta support in a striking 
manner G. Smith's view (4,pp. 88, 89) of sedentarily-induced hermaphroditism, 
that is, suppression of females ; moreover, the genus may be reasonably 
expected to offer stages in the evolution of this Imrmaphroditism, and so 
afford a means of testing the above-mentioned view. In the early stages of 
its evolution we should expect to find : — 

1. A small percentage of young females among the spat. 

2. Adult females of two kinds — 

{a) Those born as females. 

(6) Those born as males. 

* 

Beoent Besearches on Gametogenesis — besides the known fact that some 
Tsenioglossa have two kinds of spermatozoa (6, p. 125) — ^give some hope that 
the two latter categories might be distinguishable by the cytological 
characters of their gametes. 

Summary, 

Crepidiula fomicata is a Streptoneur of the family Calyptraeid®. 

, Individuals of this species associate permanently in linear series to form 
*' chains.” All lengths of chain composed of upwards to as many as 12 
individuals have been found. 

All the young are able to creep about, but the adults are sedentary. 

The individuals in a chain offer a transitional series from maleness to 
ft^Tna.Una«i both iu primary and secondary sexual characters. Since all the 
young ones are males, the species is a protandric hermaphrodite. 

Dwarf females occur as “ physiological varieties.” 

AIHaH species and a species of an allied genus will very likely be shown to 
be protan^o hermaphrodites. 

There is good reason for thinking that this sex phenomenon may be even 
matp widely spread in the Streptoneura. 

Since the in this species change into females, it would seem in this 



484 Protandric iyemajpAroditim w the MoUusc^ etc, 

case that it is the male which possesaes the potentialities of both sexes. 
A solution to this problem is offered, if, as seems likely, allied species present 
an evolutionary series in the acquisition of protandric hermaphroditism. 

I wish here to express my thanks to the College authorities for the 
facilities afforded me during the research. I am also deeply indebted to 
Prof. Dondy and Mr, Darbishire for important suggestions and valuable 
criticisms. 
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The Elasticity of Rubber Balloons and Hollow Viscera.* 

By Prof. W. A. Osbornk, with a Note by W. Suthkbland. 

(Communicated by Prof. J. N. Langley, F.E.S. Eeceived July 6, 1909.) 

(From the Physiological Laboratory, University of Melbourne.) 

Introductory TheA>ry, 

In an elastic balloon the relation between the internal excess pressure and 
the tension of the wall can be readily calculated if we assume that the 
balloon is splierical and that the material is homogeneous and of negligible 
weight. If we suppose the balloon divided into two hemispheres by a plane 
horizontal partition, the area of this partition will be and the downward 
force on the upper surface duo to the excess pressure p will be The 

balloon wall meets the partition at right angles along a length 27rr. Hence 
if T is the tension in the wall, the upward force exerted by this tension on 
the partition is 27rrT. But as these two forces must bo equf^l we liavo 

=: 2 7rTr, so that = 2T/r. (1) 

When such a balloon is filled without stretching the wall the pressure 
inside is* equal to the prevailing atmospheric, and the radius vo may be 
® termed the initial radius. If we assume that the balloon is perfectly 
obedient to Hooke's law, then 

Ti = K(n-«ro)/ro; 

but from (1) we learn that 

^1 = 2 Ti/n ; 


hence, by substitution, pi = 2K/ro— 2 K/r^, 



That is to say, the pressure will increase with radius asymptotically to 
2 K/ro> if we plot radius against pressure we shall obtain a rectangular 
hyperbola. 

The original object of the following research was to investigate the elastic 
"behaviour of various hollow viscera. Before doing so I decided, however, to 
carry out a number of experiments with rubber balloons, using the pressures 
found with varying radii os fundamental data. 

♦ Tbi« research was completed before I became aware, from a reference in Boruttau’s 
^|j^rbuch der Mediziniachen Physik,’ that a similai* investigation had been can'ied out 
by d« Bois-Beymoad, and the results published in the ‘ Festschrift f Ur Eosenthal.' On 
the latter, I found sufficient difference in the treatment of the subject to 
of thi*. [See also A. Mullock, ‘ Eoy. Soc. Proc.,' voJ. 40, p. 458.] 
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Methods. 

The balloons were of the common variety sold as children’s toys, and were 
of varying sizes. A ballopn was firmly tied to a glass capillary cannula and 
held vertically in a glass flask which was immersed up to the neck in an 
Ostwald thermostat (fig. 1). The temperature of the latter was kept (with 
a maximum variation of O" ! C.) at 36“‘5 C. The glass cannula was 
connected by means of fine-bore pressure-tubing to one limb of a capillary 
T -piece, a second limb of which led to a water manometer, whilst the third 

limb was connected with a burette for 
admitting measured volumes of air. The 
connecting tubes were made as short and 
of as narrow bore as possible so that the 
contained volume of air could be neglected 
in calculation. The burette at its lower 
end was connected with a levelling tube 
containing mercury, and at its upper end 
had a three-way tap. In one position of 
the tap a sample of air of definite volume 
and at atmospheric pressure could be taken 
from the outside air; on the 'tap being, 
turned this kir could be driven through the 
connecting tubes into the balloon, the 
mercury being accurately brought to the 
beginning of the bore of the tap. Con- 
versely, the balloon could be deflated in 
measured decrements by the same burette. 
The water manometer consisted of a stra^ht 
glass tube of 3 mm. bore firmly tied to a 
vertical scale, and connected at its base 
with a shorter vertical tube on which was 
a mark. By means of a three-way tap, 
capable of connecting the.inanometer either 
with the outside air or with an elevated reservoir of water, the level of the 
water in the shorter limb could be brought to its mark, allowing direct 
readings to be made from the scale as well as preventing change in the 
volume of the tube system. 

The radius of the balloon was calculated from the volume of air 
admitted by the usual formula. This involved two assumptions, first that 
the balloon was spherical, and secondly, that the volume of the endloaed air 




1909.] Elasticity of Rubber Balloons anci Hollow Visc^a. 487 


was the same as that of the air admitted at atmospheric pressui'e. With the 
exception of the early stages of inflation and last stages of deflation, when 
the radius approached the initial value, the balloon could be regarded 
as a true sphere. As, further, the greatest pressure within the balloon was 
always a negligible fraction of the prevailing atmospheric, I have not 
thought it necessary to make any calculated correction as to the volume of 
the contained air. 

When experiments were performed on a hollow viscus, some water was 
placed in the partially immersed flask, and a few drops placed in the interior 
of the viscus itself so that the air within and witliout should be saturated 
with water vapour. 

Experimmts on Balloons. 

When air was admitted in measured increments to a fresh balloon, and 
the reading taken a defluite time (three minutes) after entrance of each 
increment, it was found that the pressure rose quickly to a maximum and 
then on continued inflation fell slowly. This is typically exemplified in the 
experiment illustrated graphically in fig. 2. 



It win be seen from this experiment that, over a considerable range, two 
V^ues of radius can be given for each value of pressure. This can be 
. m a class experiment in the following way i Two balloons of 

2 N 2 
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equal dimensions are tied to two limbs of a T-tube and inflated by the third 
limb, which can be closed by a tap. As a rule one of the balloons inflates 
well, the other remaining small. On closing the tap in tlie inflating tube 
the contents of one balloon can be discharged into the other by squeezing 
with the hand. If the air be worked backwards and forwards a few times 
to equalise the “history"’ of each, it will be found that if the balloons are 
approximately equal in volume they will remain so for a few seconds, in 
a state of unstable equilibrium, and then one of the balloons will partially 
deflate itself into the other. The balloon which is now the larger, if 
squeezed until its volume is slightly less than that of the other ami then 
let go, will continue to deflate until equilibrium is reached. 

These experimental results appeared to be utterly at variance with what 
was deducible from the theory of a perfectly clastic balloon. Amongst 
the many articles dealing with the elasticity of rubber to which I had 
access, I found one which promised to throw some light on my results. 
0. Frank* assumes a somewhat modified Hooke's law. According to him 
the pressure dV in a sample of section q and length x associated with a 
shortening dx is given by the formula 

dVjq = ^dxjx, 

in which unit initial length and unit initial cross sectional area are not con- 
sidered, but length and area such as they are when the change dx is produced. 
If Xo is the original length and xi the final, he calls A = (xx-~xo)Ixq the 
specific extension. For the total tension in a strip of unit width and of 
initial thickness 2^0 his final result on p. 608 can be written 


T 


2EA 


gp 


Substituting this value of T in equation (1), we get 


4 E 

But in the case of the balloon the specific extension A = 
therefore 


= 4 


n— ^t) 


According to this equation the pressure in an inflating balloon will rise 
to a maximum when ri = | ro, and will approach asymptotically to zero when 
ri increases indefinitely. But 1 may say at once that this approach to zero 
pressure is never given in balloon experiments, so that Frank's analysis 
fails to explain the results obtained. One may indeed state a priori that as 
* ‘ Annaleu der Physik,’ vol, SI, p. 602, 1900. 
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investigations on elasticity are generally confined to substances where the 
maximum extension is always a small fraction of the initial length, and as 
Frank's experiments did not follow rubber further than linear extensions 
to double the initial, it would be almost idle to expect that laws deduced 
from these ex{.>eriments could be applicable to the large and two dimensional 
stretchings of an inflated balloon. 

The difficulty in explaining the rise of pressure and the subsequent partial 
fall on inflation is, I believe, more apparent than real This crest is due, 
I take it, to a disturbing factor which, for lack of a better name, may be 
called initial rigidity. This view is supported by the following facts : — 

1. If a fresh balloon is inflated, so that the pressure is anywhere on the 
rise or fall of the crest, it will be found that the pressure does not remain 
at a constant value, but tends to fall In fact, to obtain a graph such as 
fig. 2, the convention had to bo adopted of reading the pressure after a given 
interval of time — 3 minutes. But the fall had by no means stopped when 
the reading was taken, and could be detected even some hours after infla- 
tion, An attempt to register the pressure after a long interval of time 
when no further fall might be expected, failed owing to the fact that some 
of the air diffused out, as was proved by deflating the balloon in measured 
decrements. 

2. If a* balloon is inflated a second time (care being taken that the elastic 
limit has not been reached in the first inflation) the crest is always less 
pointed than in the first itiflatiou. A third inflation gives a more obtuse 
convexity than the second, and so on. The longer a balloon remains 
collapsed the steeper is the rise and fall of pressure on inflation. This is 
particularly marked if the collapsed balloon is exposed to light. 

3. When an inflated balloon is deflated in measured decrements and the 
co|responding pressures recorded, in the vast majority of cases the pressure 
falls to zero without any rise being manifested. I obtained this pronounced 
hysteresis constantly in my earlier experiments, and was inclined to look 
upon it as the invariable behaviour of a balloon during deflation. Fig. 3 
gives graphs for two typical instances. 

But a rise of pressure may be obtained on deflation if certain conditions 
are fulfilled. The rubber must be in good condition, the inflation should not 
be taken far past the maximum pressure, and the return by deflation should 
be carried out at once. The rise of pressure, however, is never more than a 
lew millimetres of water. Tlie better condition the rubber is in the blunter 
is the inflation crest and the less abrupt is the deflation fall of pressure. 
Oouvetsely, the more the mbber has been exposed in a deflated state to light 
t^0 sharper is the crest and the more abrupt is the deflation fall 
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Radius in centimcfcres . 

Fiq. 3. 

I 

I may mention in this connection that if inflation be carried out 
immediately after deflation the rise of pressure does not follow the same 
gradient as the deflation fall. It is much steeper, and a crest may be 
obtained. An illustrative specimen is the following (fig. 4) ; — 

It is easy to demonstrate, however, that the more a balloon is inflated amf 
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deflated, provided that the elastic limit is not approached too closely, the 
nearer does the inflation pressure gradient approach the deflation. We 
may regard this as due to the partial removal of the disturbing initial 
rigidity. 

4. If a balloon bo inflated tintil the pressure, after the Tisual crest, falls 
and tends to remain constant, and be kept inflated for some time, say 
24 hours, and then be rapidly deflated and once more inflated in measured 
increments, the graph displays no crest and may be a true hyperbolic curve. 
The following experiment illustrates this important fact : — 

A balloon was inflated until the pressure ceased falling, and was kept 
inflated in tlie thermostat for 24 hours. It was then rapidly deflated and 
the usual inflation by the burette commenced. On plotting pressure against 
radius (fig. 5), I was struck by the regularity of the graph, and recollecting 
that a balloon of perfect elasticity would give a rectangular hyperbola. 



proceeded to ascertain if such were the case here. If this were a rectangula 
hyperbola, the asymptotes being parallel to the co-ordinate axes, it ought to 
satisfy the equation {r—a) (p— 6) = c. 

To calculate a and 1 1 used the ordinary three-point method. The value 
for a was found to be 2'8, that of 6 287‘8. 

From radius » 3’29 to radius =a 4-37 the product (r—a) (b—y) is a 
constant. To illustrate this graphically we can plot b-y against the 
reciprocal of r-a, and should obtain a straight line passing through the 
origm, This is shown in fig. 6. 
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As another instance of the applicability of this equation to a balloon, the 
deflation values already given in fig. 3 may be cited. Calculation by the 
three-point method gives hero a s= 2*03, h 263. 

Conclusive as these values are tliat the rubber balloon, when initial 
rigidity is removed, follows the equation (r— a) (p— Z>) « c, it will be at 
once obvious, from the values of a and h found here, that this is certainly 
not the behaviour of a perfectly elastic substance giving equation (^), For 
one thing, the value for a is far removed from zero and is suggestively close 
to that of the initial radius in the two cixses investigated. I abandoned the 
theoretical analysis of my results at this stage, and handed over my data on 
balloons and on bladders to Mr. William Sutherland, who has kindly 
complied with my request to comment upon them (see p. 497 below). 

< 

Rubber Balloom cU the Elastic Limit, 

♦ 

In the course of this researcli a curious result was obtained with every 
balloon which I inflated beyond the elastic limit. I invariably found that, 
before the balloon burst, tho pressure, over a considerable range, was a linear 
function of the volume. Of the many instances obtained I will pick out two, 
one giving a close approximation to a straight line on plotting .volume against 
pressure (fig. 7). 

One of the more divergent types is that given in tig. 8, which is a 
continuation of the same exiwriinent as fig. 2. 

As a rule, the straight line rises abruptly, producing discontinuity in the 
graph. 
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Volume in cubic ccntimftLrcs 

Fio. 7. 
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Volume In cubic cenCimetres. 

Fio. 8. 


ExpenmentH with Hollow Viscera 

In these experiments attention was confined chiefly to the bladder, as its 
shape approaches more closely to the spherical than other viscera. Experi- 
ments on lungs proved impossible, owing to the remarkably low bursting 
pressure of the superficial air cells. A number of observations were made 
with bladders taken from the recently killed animal, but the erratic behaviour 
of the living muscular tissue did not allow of a definite pressure being 
assigned to any stage of inflation. Consistent results could only be obtained 
by experimenting with bladders some time (24 hours) after the death of 
the animal. 
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Fig. 9 shows the results of an experiment with the bladder of a large 
Newfoundland dog 24 hours after death. As with the balloon, I anticipated 
that here a hyperbolic curve was present, and calculated by the three-point 
method the value for a to be 0 071, 6 to be 179. Here it will be seen that 
from radius 1‘93 to radius 2 88 a distinct approximation to a rectangular 



hyperbola is manifest But even here, though a can be made zero without 
appreciably altering the constancy of c, the value for b likewise does not 
allow us to apply to this bladder the formula for a perfectly elastic 
substance. 

A number of bladders of various animals were investigated. I give here 
the results obtained with the bladders of two monkeys and a, cat (fig, 10). 

It must be remembered that the elastic tissue of a visous is not a homo- 
geneous membmne, but a web of elastic fibres with a variable amount of 
inextensible white fibres intermixed. This fact must always complicate 
physical investigations on the elasticity of animal membranes, even if the 
isolated elastic fibres present obeyed some simple physical law.* When we 

* A research on the elastic constants of the ligammtum mehtt is at present being 
conducted in my laboratoiy. 
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consider the complex seolotropism of a visceral wall, it is indeed surprising 
that approximations to uniform behaviour, such as are illustrated in fig. 10, 
should be shown at all. 



• R, dtt Bois-Reymond has conjectured that in hollow viscera the pressure 
may fall with increasing volume. I may state at once that I have never 
found this. What sometimes does happen (and to this Du Bois-Reyraond^s 
statement is possibly due) is that, on extensive inflation, one of the coats of 
the organ may give way and lead to a marked drop in pressure. The sudden- 
ness of the drop will always indicate the true nature of the fall, and if the 
oi^an be now deflated and then inflated again, a consistent rise of pressure 
will be obtained. Moreover, as I have endeavoured to show, a fall of pressure 
on continued inflation is only found in balloons manifesting initial rigidity, 
and such initial rigidity is altogether absent from animal membranes kept 
thoiat. 

A bladder always displays some hysteresis on deflation, but I have found 
tbidj this hysteresis can be made negligibly small— (1) if the elastic limit is not 
Sipprnaobed too closely ; (2) if the inflation and deflation are carried out by 
tery small increments and decrements respectively ; and (3) if on deflation 
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some time be allowed to elapse at each stage before reading the pressure, as 
this always tends to rise somewhat. When the elastic limit of a bladder is 
reached, the gradient of the pressure rise is very steep and the rise is not 
a linear function of the vojume. 

There is always a danger that in investigations on elasticity one may forget 
that the viscus in question in the living animal is supplied with reactive 
muscle, and that only when this muscle is fully inliibited can the pure 
physical elasticity of the walls play a predoiuiimting part. It is a mistake to 
describe the flow of blood in the systemic arteries as a flow of liquid in elastic 
tubes* Such is certainly the case in the aorta, and possibly in the larger 
arteries, but in the arterioles and smaller arteries only when the muscle is fully 
inhibited or killed. To describe the circulation as occurring through a system 
of muscular tubes, with some elastic tissue aiding the muscles, would te more 
accurate. Similarly with the bladder and other hollow viscera (except the 
lung), the elastic tissue acts merely as an adjuvant to the muscle, economising 
the work of the latter ; but it is the muscle which plays the preponderating 
part in determining the tension of the visceral wall. 


Cimiimons, 

1. When initial rigidity is present in a rubber balloon, the pressuro on 
inflation rises rapidly at first, then falls, and tends to remain at a constant 
value until the elastic limit is reached. 

2. Such a balloon on deflation displays a marked hysteresis. Only rarely 
will the pressure rise on deflation. 

3. If initial rigidity be abolished by keeping a balloon inflated some tim# 

and then rapidly deflating, the pressure on a new inflation rises consistently. 
On plotting pressure against radius in such cases a rectangular hyperbola may 
be obtained, satisfying the equation • 

where a is close in order of magnitude to the initial radius, and i is a 
constant greater than p. The behaviour of such a balloon is, however, 
far renmved from that of a sphere of perfectly elastic and isotropic 
material 

4. When the elastic limit is reached in a rubber balloon the pressure is a 

linear function of the volume. 

* 

5. Hollow visoeva approximately spberiool, such as the bladder, <io not 
display initial r^idity, and never give a fall of pressure with increasing 
volume. When the elastic limit is reached, the pressure is not a Unew 
function of the volume. 
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6. In the bladder of a large dog, giving sufficient range between the 
assumption of globular form and the elastic limit to allow analysis of the 
graph of pressure against radius, it was found that the equation 

(r— a)(/)— 7>) = c 

was followed. In this case a was practically 7,ero; but like the rubber 
balloon the behaviour was not that of a perfectly elastic and isotropic 
substance. 

Note on the foregoing Paper hy W, SUTHERLAND, 

Froin the purely physical point of view the simplest way to })reparo for a 
theoretical interpretation of experiments such as these is to fix attention in the 
first instance on tension per unit area. 

Let the tension per cm.^ be t in the balloon or bladder which has radius r 
and thickness z. Let initial values of these, when ^ = 0, be and 
Consider, the equilibrium of a hemisphere. It experiences a pull 27 rrzt 
from the other hemispliere. But on account of the excess p of the pressure 
inside the sphere over that outside the hemisphere is subject to a thrust 
Tcr^p ; thus 

TTi'^p = or pi^ ^2rzt, (1) 

If, as ill studying the surface tension of bubbles, we fix attention on zl, the 
^ total tension across unit width of cross-section of the bounding wall, and call 
it T, we have 

p=.2T/r. (2> 

According to Hooke's law, we write 

• t = E(r-ro)/r«, (M) 

where E'is a modulus of elasticity appropriate to the conditions of the 
experiment, which in the present case are equal tensions in two dimensions 
and no external stress in the third dimension. For substances such as 
rubber and most ori(anic tissues which have a compressibility, small in 
oornpatison with their deformability, E for small strains is twice the ordinary 
Young’s modulus for small strains. But when largo strains are used, as in 
these experiments, E can no longer be treated as a constant. It is a function 
of the strain. This appears when we compare Prof. Osborne's formula 
(p^V)(r~-a)ssc with (1) and (3), after elimination of z by the relation 
r*z a* expressing incompressibility, for we get 



!ni,i8 makes E a complicated function of r. 
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In the experiments with the dog's bladder, a is nearly 0, so that this 

“T*® { Iff* -4" 

takes the simpler form E which is still too awkward for 

interpretation. But to connect the results for the tissue of dog*8 bladder 
with those for other tissues the modulus of elasticity E can be regarded from 
a different point of view. In experiments on dead muscle, for instance, the 
muscle is stretched by dijOferont weights, the amount of stretching produced 
by each being recorded. As the muscle is lengthened its cross-section is 
diminished, but, as a rule, no account is taken of this fact. This is because 
more interest is taken in the behaviour of the muscle as a whole, or of a 
single representative muscle fibre, than in the intensity of the tension or 
the tension per cm.® of cross-section of the muscle. For the gastrocnemius of 
the frog stretched by amounts Z— 4, by weights w up to 95 grammes, C. Henry 
has shown* that the following formula holds : 

Z-Zo =:= 6*55 log (H-w76*10), (5) 

Z— Zo being expressed in mm. and w in grammes weight. For other tissues 
with a wide range of elastic properties, A. Goyf finds the same formula to 
apply with appropriate values in place of 6*65 and 6*10. But the physical 
explanation given for (5) by Henry is not sound, as he interprets l+^i^/6*10 
in the form (6*104-‘»4^)/6T0 to mean that there is at the beginning a tonus of 
the muscle equivalent to a weight 6*1 grammes. If there is stress in the ' 
muscle at the beginning it must be self-equilibrating, and it is not correct 
mechanics to fix upon one part of this internal stress, called the tonus, and 
treat it as a sign of a not otherwise demonstrable external force denoted 
above by 6*1. But, guided by the success of (5), we can arrive at a simpler 
formula which is capable of legitimate and easy physical explanation. Let 
us suppose that the elongation Z— Zo caused by w is related to w by the*following 
equation : * 

(Z— Zo)/w^ ss: a-.6(Z^Zo), (6) 

where a and 6 are constants for a given tissue. 

This means that the average elongation caused by unit weight, that is to 
say (Z— Zo)/w^, diminishes with increasing in such a way that the diminution 
is linear in the total elongation produced by w. When i » 0, we have the 
usual Hooke’s law for small strains. It is possible to give a theoretical 
molecular explanation of (6), though it would not be appropriate here. In 
the case of the frog’s gastrocnemius, for values of w from 80 to 95 grammw, 
it gives the elongation Z—Zq, with a maximum error of 1*6 per cent, and 
from 0 to 30 grammes with a maximiun error of 16 per cent., the 
* *Compt Bend.,* voL 162, 1906, p. 720. 

f /5id.,p. lies. 



1909.] Elasticity of Rubber Balloons and Hollow Viscera. 499 

corresponding error for (5) being 1*7 per cent. But it is probable that in 
neither case are these really errors of formula, because with the smaller 
weights there is liability to considerable experimental uncertainty while 
** taking up the slack ” of the specimen. 

It is interesting to see how the type of formula (6) applies to 
Prof. Osborne's experiments on the bladder of a dog. We must treat the 
experimental facts so that they are as similar as possible to those of muscle. 
If we return to (1) we see that ^rr^pr^ corresponds with w the weight used to 
stretch muscle, although it stretches the bladder wall in two directions at 
right angles to one another. The chief effect of this stretching in two 
directions is to replace E as measured on a strip cut from the bladder wall 
and stretched only in one direction by 2 E. From the experiments we get 

= 000121 - 0-000318 (j—ro), (7) 

with the following comparison : — 

r 1-336 1-680 1-927 2-121 2-285 2-429 2-672 2-878 

pexper. ... 0 14 40 56 63 68 77 87 

p calc 0 35 60 68 64 68 76 82 

r 3-220 3-637 3-969 4-262 4-493 4-655 4-856 

^exper. ... 95 107 117 217 410 660 620 

pcalo 96 116 142 182 243 318 533 

At the two lowest pressures after 0 the discrepancy between calculation 
and experiment is large, but can plainly be ascribed to the taking up of 
•lack in the experiments. The formula fits the facts satisfactorily over the 
vei-y great elongation from r = 2-121 to r = 3-220. Beyond that the 
fprmula teases to give the connection between p and r in a useful manner, 
bat on that account it by no means loses its physical significance. If we 
write (7) in the form 

p s (r-ro)l7rr» {0 00121 -0-000318 (r-r«)}, (8) 

we see that for values of r— j-q greater than 3 the difference 0-00121 — 
0'0d0318 (r— ro) becomes small compared with either 0 00121 or 
d-OOOSlS (r— ro). Hence a small error in r produces a much larger relative 
error iap. With this fact in view it apjwars that (7) gives a good account 
Of the physical happenings in the wall of the bladder during the large 
elongations up to r » 4-866. 

The form (7) can be applied to the experiments on a deflated rubber 
biaiobii, but not to those on an inflated. 
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The Modes of Division of Spirochseta recurrentis and S. duttoni 
as observed in the Living Orgariisms, 

By H. B, Fantham, D.Sc. Loud., Clirist's College, Cambridge, Assistant to 
the Quick Professor of Biology in the University, and Annie Pokter, 
B.Sc. Lend., University College, London. 

(Communicated by Prof. G. H. F. Nuttall, F.RS. Received July 26, 1909.) 

(From the t^uick lAboratory, Cambndge,) 

The exact mode of division of Spirooluctes is still a matter of controversy. 
Some workers, as Prowazek, and most of the German sciiool of protozoolqgists, 
consider that Spirocluetes divide longitudinally, while Novy, Swollengrebeh 
Laveran and Mesnil, and most French workers consider that they divide 
transversely. Unfortunately, the direction of division of Spirochaetes has 
been made a criterion of their protozoal or bacterial nature. Too much stress 
apj)ears, from this point of view, to liave been laid on the mode of division in 
Spiroohmtes. Fantham (June, 1907, and January, 1908), in the case of 
Spirochwta halbianii and S, anodontcc^ and Dutton and Todd (November, 
1907), in the case of 8, duttoni, state that both longitudinal and transverse ^ 
divisions occur, while Breinl (November, 1907) figured (but did not describe 
in detail) both modes of division in S. duttoni, Fantham worked on both 
living and stained material. Miss Mackinnon (1909), working in the Quick 
Laboratory, has recently shown that both inoiles of division occur iu 
S, recurrentis. We hope to show in this paper, from observations on the 
living organisms, that both methods of division certainly do <^oocur in 
Spirochsetes ; also how these processes are brought about, and to put forward 
suggestions explaining the phenomena. 

The subject is one of great difficulty, and the intrinsic difficulty has 
pot been lightened by the methods adopted by various investigators. Too 
xnuch reliance has been placed on the examination of fixed and stained 
preparations of Spirochajtes, to the exclusion of evidence which might have 
been derived from observation of the living organisms. It is only recently 
that the importance of observations of living material in protistology has been 
recognised, and even now it is not sufficiently appreciated. 

During the past year we have observed living 8, remrrmUiB and 8. duttoni 
at various times. The investigations were conducted at first independently 
(those on 8, duttoni by A. P., and tliose on 8, remrrmtu by H. F-) ; 
afterwards we worked in collaboration and carefully checked and corrected 



The Modes of Division of SpirochsBta recmrentis, etc, 501 

each other’s observations. As a result, we believe that we have arrived at a 
solution of the difficult pi'oblern of the mode of division of Spiroclmstes. 

MaUrvil and Mvihoth, 

The bkK>d of tame mice infected with Spirochmtn dutUmi and S. mnirrcntis 
(Buflsian variety) was used as the source of tlie Spirochfetes. The prepara- 
tions of freshly drawn peripheral blood wore transferred at once to the stage 
of a microscope enclased in a thermostat kept at blood temperature (.‘17” 

In this way the Spirochsetes could be observed for many hours. 

At other times, for ])urposes of comparison, no thermostat was used, 
Olid the preparations wore examined at r(K>rn temj)erature. Freshly drawn 
bkxKi from the heart, liver, s[)leen, and kidneys of infected mice was also 
examined. The objectives used were Zeiss’ 2 mm. apochromatic homogeneous 
immersion, or Zeiss’ achromatic, with compensating oeulio’ S. 

kVireful observations were also made on living ^yirorkaia nnodiniUr, in 
order to determine whether there is a nniformity in the methods of division 
in the Spirochaites of mammalian blood, and in the Spirochictes occurring in 
the crystalline styles of I/Aiucllihranehs. Thin portions of infected styles 
from Anodmia cygnea were examined, the ])rei)arations being kept at the 
temperature of the room. Other portions of infected styles were allowed to 
dissolve in water, and prcipui'ations were made. Living H]>ecimens of 
S, anodo7ita^ were under observation for as long as 50 hours. 

Longihidin al Divuiwi, 

Longitudinal division of aV. dutioni and S, rixarrentis is best seen wlum llie 
Mood under examination contains relatively few Spirocluetes. We have 
found such to bo the case at the onset of the infection. At this linu; tficre 
at*e but feV Spirochtetes in the blood, and their movements can be followed, 
th(Jugh it is at all times a difficult Uisk. As the number of SpirocljaiLes 
during the early stages of infection is few, the danger of confusing longi- 
tudinal division with entanglement figures is at a minimum. This possible 
source of error lias been carefully considered and eliminated. 

The Spirochttites about to divide lougitudinally arc slightly thicker than 
the other forms, and are somewhat slower in their movements. At tlie 
OUfiefc of division, waves resembling the peristaltic waves seen travelling along 
the intestine of an insect begin to pass down the body of the Spu'ocluete. 
These waves were carefully difierentiated from tlie spirals of the b<Kly of tl»e 
parasite, A split appears at one end of the organism, and two distinct free 
are seen. The undulations continue to pass down the body, each free 
part having its waves vibrating in unison with the other. As the length of 
tojL nxxxi.— B. 2 0 
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the free portions gradually increases, they diverge from one another, and ^ 
their appearance resembles that of the arms of a Y. The divergence 
continues until, at the actual moment of separation, the two daughter 
organisms are practically in a straight line, that is, there is an angle 
of 180° between them. When the two individuals are quite free of one 
another, they usually remain quiescent for a few seconds, and then move off 
in different directions. 

Both xS. d%Lttoni and S, recurrentis divide longitudinally after the manner 
outlined abova We have repeatedly seen this occur in life in both these 
Spirochaetes, and also in S, balbianii and S, anodontce. The tiipe required for 
complete division is variable. The complete longitudinal division of 
S. recurrmtis has taken ten minutes, that of S, dtdioni thirteen minutes, but 
mucli variation was shown by different specimens, 

Tramverm Division, 

Transverse division of Spiroohaetes of the blood has been definitely stated 
to occur by various workers, but few of them state precisely what use was 
made of living and of stained materifil respectively. Naturally, therefore, 
details of the exact processes of transverse division are wanting. We have 
made a careful study of the behaviour of living S. duttoni, S. recwrreTUiSf and 
tS. anodontw during transverse division, and under conditions resembling, as 
far as possible, those that obtain in the host. 

Transverse division occurs in very long, thin individuals, whose move- 
ments are somewhat slower than those of other Spirochsstes in their vicinity. 
The division is initiated by the appearance of waves passing from each end 
of the organism towards its centre. When the waves reach some partiook^ 
spot at or near the centre that serves as a node, they meet and die out, 
return waves passing rapidly in the opposite directions towards either end. 
A second set of waves then passes from the ends in the direction of the 
centre : ^these meet and die out, and return waves, travelling in opposite 
directions proceed to each end of the organism. These processes are 
repeated many times, the velocity of the waves increasing meanwhile. As 
time goes on, the nodal region of the organism becomes thinner, and finally, 
after several extremely r^id sets of waves in succession, the tenuous centre 
parts, and two complete short organisms are produced. The parent organism 
appears to increase slightly in length during transverse division. The 
individuals resulting from the division usually swim away in the ordinary 
manner. 

The time needed for complete tronsverBe division vaxiee with the 
individual Spirochmte, but we have observed speouneos of both & 
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S, Tsmrrentia that took from fourteen to sixteen minutes for complete 
transverse division. 

The processes of transverse division, as seen in the larger S, anodontas^ 
exhibit yet further details. One of us (H. B, F.) has already shown that 
Spirochsetes move by (a) an undnlatory flexion of the body for forward 
progression, and (^) a corkscrew motion of the body as a whole. It may be 
of interest to note that in the transverse division of S. anodordce, as observed 
in the living organism, reversal of the direction of the corkscrew or helicoid 
motion of the parasite may occur. In a specimen about to divide trans- 
versely, each of the halves vibrating tabout a node may reverse its direction 
of torsional movement ; for example, a riglit-handed spiral may suddenly 
become a left-handed one and vice versd. The resultant strain at the node 
probably aids in the actual transverse division. 

General Semarks, 

The fact that both longitudinal and transverse division take place explains 
the occurrence of thick and thin and of long and short forms of the same 
species of Spirochajte. Everyone who has worked on Spirocheetes is 
cognisant of the occurrence of such polymorphism. 

Longitudinal division of S, rccurrentu and S, dutioni, as before mentioned, 
is best fifeen when the blood contains relatively few Spirocluetes — at the 
beginning of infection and also at the end. Breinl (1907) noted the 
occurrence of longitudinal division especially at the time of the dis- 
appearance of the parasites from the peripheral circulation/’ Numerous 
long tenuous Spirochaetes are present in the blood during the height of the 
ilifection, and these divide transversely. While allowing for the reactions of 
the host \jpon the parasites, which reactions might induce the different forms 
of division at different periods, it is also possible that the nnmher of 
Spirochmtes present in the blood at any given period may have some effect 
on the direction of their division. The greater space necessary for 
longitudinal division occurs at the onset of infection, when the Spirochaetes 
are few. As the parasites grow in length and increase in numbers, it would 
appear easier for transverse division to take place. 

We have, then, clearly shown that there is a distinct periodicity in the 
direction of division exhibited hj S, recurrentis and S. duUoni Naturally 
there is a time when both forms of division go on side by side. The 
conflicting statements regarding the direction of division of Spirochaetes are 
thus explained and reconciled. 

From the foregoing it is clear that the direction of division of Spirochaetes 
cannot be used alone as a criterion of their protozoal or bacterial nature, 

2 0 2 
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The Spirochfetes exhibit charaoterietice of both Protozoa and Bacteria. The 
reasons for considering them as Protozoa have l>oen well set forth by 
Nuttall (1908), while Swellengrebel (1907) considers them to be Bacteria, 
belonging to the family^ Spirillacem. On the whole, we consider that the 
protozoal characteristics of Spirochietes preponderate over their bacterial 
characteristics. 

» 

We have much pleasure in thanking Prof. Nuttall for the material used in 
these researches. 

Summary. 

1. The observations recorded in this paper were made on living 
Spirocha^tes. We have previously examined much tixed and stained 
material. It is very necessary to examine living material, as results based 
only on stained preparations are not always i^liabje. 

2. Both longitudinal and transverse division occur in »Spirocha^tes as seen 
ill S, recur rentis, 8. duUoni, 8, anodonta^^y and 8, halhionii, 

3. Longitudinal division of 8. remrrcntw and dutioni is best seen when " 
there are but few Spirochfetes iu the blood. This is the case at the onset of 
infection and at its close. In longitudinal division, rapid waves pass down 
the body of the Spirochmte. At one end a split occurs, which gradually 
widens. Waves travel down each of the diverging daughter fofms, whicli 
ultimately lie at an angle of 180° with one another. The daughter 
Spirocluctes then separate. Organisms about to ilivide longitudinally are 
slightly stouter tlian the others, 

4. Transverse division of 8, reeuri^cntis and 8, duttmii also occurs. It is 
initiated by the appearance of waves passing from both ends towards the 
centre of the organism (which centre acts as a node). These waves meet and 
die out, and return waves pass rapidly from the centre towards each end. 
These processes are repeated many times, the frequency of the w&vcs 
increasing and the nodal region becoming thinner. Finally, after a succession 
of very rapid waves, division occurs at the node and two complete daughter 
organisms result, 

6. There is a periodicity in the direction of the division of 8. reourrenlu 
and 8, duttonL At the onset of infection, longitudinal division occurs. This 
is followed by transverse division of the Spirochtctes when the infection is at 
its height, while, with the diminution in numbers of the parasite as the 
infection draws to an end, there is a reappearance of longitudinal division, 
Naturally, there are times when both forms of division occur together. Our 
observations relating to periodicity were made on peripheral blood of the 
host- 
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The Oi^in and Destiny of Cholesterol in the A^iimal Organishu 
Part VI . — The Excretmi of Cholesterol by the Cat, 

By G. W. Ellis and J. A. Gardnkk, Lecturer in Physiological Chemistry, 

University of London. 

k (Communicated by Dr. A, D. Waller, F.B.S. Received August 14, 1909.) 

(Fron^the Physiological Laboratory, South Kensington, University of London.) 

Ju an earlier paper"*" of tliis aeries the results of a number (jf estimations 
of the cholesterol content of the feces of a dog fed on a variety of diets — 
animal and vegetable — were described. It was shown that the cholesterol 
found in the case of meat diets could be entirely accounted for by that 
present in the food, and from a general survey of the whole of the results, 
the opinion was expressed that the whole of the cholesterol of the bile is not 
excreted in the feces, and must therefore have been either totally destroyed 
-Or reabsorbed in the gut along with the bile salts. In the case of a diet of 
rav? Brain, it was found that the cholesterol was not excreted as such, but 
etttitely in the form of coprostorol. This was subsequentlyf found bo be the 
oase when oats were fe^l on either raw or cooked brain. 

^ ‘ Ray. Soc. Proc.,* B, voJ, 80, 1908. 
t * Roy, Soc. Proc.,* B, vol 81, 1909. 
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A few months after the appearance of our paper. Chosaburo Kuaumoto* 
X>ublished a series of estimations of the cholesterol content of the faeces of 
dogs fed on horseflesh, and homoflesh with the addition of measured 
(juantities of fat bacon or carbohydrates. His results showed that the 
cholesterol content of the food was considerably greater than that of the 
faeces. He also found that on meat diets variable quantities of coprosterol 
were always excreted with the cholesterol, and that the propoftion of 
coprosterol increased with the fat in the fooji. This explains our observations 
on brain diets, the putrefactive changes which cause the formation of 
coprosterol being favoured by the presence of fats. The daily outputs of 
cholesterol observed by Kusumoto are somewhat greater than in the case of 
the dog we used, but his daily rations were much larger. He gives no data 
to indicate the purity of the specimens of cholesterol weighed. As dogs are 
omnivorous feeders, it seemed desirable to examine the faeces of more truly 
carnivorous beasts, and for this purpose the cat was selected. The faeces 
collected during each diet period were dried in the water oven, roughly 
powdered, or, if too greasy, ground with plaster of Paris, and extracted 
thoroughly for many days in a Soxhlot’s apparatus with ether. The ethereal 
extracts were treated in the manner fully described in our paperf on " The 
Cholesterol Contents of Eggs and Chicks.” ^ 

Experiments in which cats were fed on meat diet : — 

I. A oat, which had previously been fed on raw brain diet, for the purpose 
of another experiment, for 14 days, during which it went down in weight 
from 2'8 to 2'3 kilogrammes, was fed for 14 days on a diet of lean cooked 
horseflesh. During this period it devoured 3125 grammes of the meat, antf 
increased in weight steadily, its weights taken every third day being 2‘3, 2*5, 
2'5, 27, and 2*9 kilogrammes. The total dried fseces weighed 98 grammes, 
and yielded after the treatment described 2*554 grammes of unsaponifia^e 
matter in the form of an oily mass. This was crystallised from alcohol 
repeatedly, but only 0*2052 gramme of pure crystalline matter was obtained. 
This melted at 93° — 99° C. and had the characteristic crystalline form of 
coprosterol The mother liquors were evaporated to dryness and treated in 
pyridine solution with excess of benzoyl chloride. On pouring into water 
the benzoate of coprosterol was thrown out of solution, and on washing 
with a small quantity of alcohol was suffioiently pure for weighing. The total 
weight of coprosterol obtained was 1*397 grammes, which correi^ndB to an 

* “ fiber den Oboleeterolgebalt der Hundftiicee bei gewObnlioher Emlihning und nach 
PUtteruDg von Cbolesterin,” * Bioohemiecbe Zeitachrift,’ vOL 14, 1906, pp. 411 and 416. 
i ‘ Boy. Soc. Proc.,’ B, vol. 81, 1909, p. 189. ' 



1909.] Destiny of Cholesterol in the Animal Organism, 507 

output of 0'098 gramme per day. If we take Dormeyer's^ figure, 0*23, m 
the percentage of cholesterol in dry muscle, and assume that the cooked meat 
contained 62 per cent, of moisture, f the animal should have reoeivedjinj its 
food some 2*7 grammes of cholesterol. A considerable quantity of cholesterol, 
therefore, must have been absorbed by the animal, which was putting on 
flesh during the whole experiment. 

II. A cat, which had previously been fed on a diet of cooked brain for 
14 days, during which it lost weight from 2*9 to 2*5 kilogrammes, was fed 
for 14 days on lean cooked horseflesh. During this period it devoured 
2940 grammes of the meat, and its weights taken every other day were 2*5, 
2*5, 2*7, 2*8, 2*9, and 2*8 kilogrammes. The total weight of dried faeces was 
92 grammes, which gave 3*02 grammes of unsaponifiable matter. On 
repeated crystallisation from alcohol, 0*588 gramme of pure coprosterol, 
melting at 93° — 98° C., was obtained. The mother liquor on benzoylation 
yielded a further quantity of ooprostorol benzoate. Tlie total coprosterol thus 
obtained weighed 1*077 grammes, corresponding to an output of 0*077 grainino 
per day. Calculating as before, the animal received in its food 2*56 grammes 
of cholesterol. 

HI. In this experiment a healthy cat was fed for 14 days on 1550 grammes 
of lean cooked meat — beef and mutton. Its weight remained practically 
constant during the experiment. 44 grammes of dry feces were obtained, 
which yielded 1*331 grammes unsaponifiable matter. On treatment this 
gave 0*27 gramme of white crystalline matter, melting at 129° — 132°, whicli 
appeared to be a mixture of cholesterol and coprosterol. A further quantity 
as benzoate was isolated from the mother liquors. Total weight of cholesterol 
and coprosterol, 0*5486, corresponding to an output of 0*032 gramme per 
day. Calculating as before, the animal received in its food 1*85 grammes of 
cjiolesterol. 

IV. As the exi)eriments described are possibly open to the criticism 
that the sameness of the diet over a long period may have affected the 
metabolism, in this experiment we took four cats and fed them for 
days on a diet of raw lean bullock's heart The animals appreciated tliia 
food and took it greedily. They consumed in seven days 5166 grammes, the 
daily ration of each animal being of the same weight. On the eighth day 
each animal had a meal of cooked wheat germ, which had previously been 
freed from fat and phytosterol by extraction with ether, in order to sweep 
but the gut The feces were very oily in character and difficult to dry at 

^ ‘ FflUg. Arohiv/ 1896, voL 66, p. 99. 

■ t A sample of this cooked horseflesh was dried at 100" C. and found to contain 62 
cent of moisture. 
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80'^ C. The weight of partially dry stuff was 362 grammes. The weights of 
the animals were taken at the beginning of the experiment and periodically 
afterwards with the following result : — 
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The fffices were extracted in a Soxhlet’s apparatus with ether for 19 days 
and yielded 4'3985 grammes of unsaponifiable matter. This was a dark stiff 
vaseline-like substance. The unsaponifiable matter was repeatedly crystal- 
lised from alcohol, but it proved exceedingly difficult to purify. Eventually 
0 05 gramme pure eoprosterol, melting 99° — 102°, was obtained. The impure 
crystalline crops and all the mother liquors, after evaporating to dryness, were 
separately treated in pyridine solution with excess of benzoyl chloride. On 
pouring into water the crude benzoates which separated were treated in a 
similar manner to that described in a former paper.* 1'7272 grammes of 
benzoate was obtained. This melted at 125° — 128° without showing any 
play of colours. It appeared likely tliat we were dealing with a mixture of 
cholesterol and coprosterol l)euzoate8, and the substance was, therefore, 
fractionally crystallised from ethyl acetate. The first crop of crystals on 
heating began to soften at 130° C. and melted to a turbid liquid at 141° Cy 
which became clear at 166° C. On cooling, the play of colours characteristic 
bf cholesterol benzoate was shown in a well-marked manner. A microscopic 
examination showed that it consisted of the characteristic plates of cholesterol 
benzoate with a comparatively small quantity of eoprosterol benzoate. A 
later crop, which a microscopic examination showed to consist mainly of 
eoprosterol benzoate with only a very few crystals of cholesterol benzoate, 
melted at 117° — 119° to a clear liquid. Pure eoprosterol ben^soate melts at 
120° — 121° C. Evidently, therefore, a mixture of cholesterol and ooprotrtierol 
was excreted, the total weight being 1'4004 grammes, corresponding to an 
output per day per cat of 0'06 gramme. 

Heart muscle contains between 0'066 and 0'07l per cent, of oholestwol.t 
so that the animals reoeived in their food about 3'5 grammes of cholestend. 

* “ Origin and Doatiny of Oholoaterol in the Animal Organiara,” Part IV, ‘ Boy. Soc. 

B, vol. 81, p. 120, 

t “ Cholesterol Content of Heart Muscle,” ‘ Joum. Phyaiol.,’ vol, 38, 1008, * Prao.,’ p> 1- 
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Tfie refiults of these experiments are summarised in the following table : — 
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It is clear from these results that cats behave similarly to dogs when fetl 
on meat diets, but the tendency foi* the change of cholesterol into coprosterol 
.appears to be gi*eater in the case of cats. 

The total cholesterol of the footl should of course be increased by that 
poured into the gut in the bile during digestion. No data are, however, 
available for forming any estimate of these quantities. 

In the hope of ascertaining whetlier the whole or any of the cholesterol of 
the bile was excreted in tlio heces in the case of artitical diets as free as 
ppBsible from cholostcnjl or phytosterol, and if so, whether under such 
conditions any reduction to coprosterol took place, the experiments detailed 
below were undertaken. We had some difficulty in finding suitable food, as 
*<5ats are dainty animals and will not eat freely of substances that are in the 
least distasteful to them, and wo thought that any attempt to starve an 
-animal into eating any j>articular food would be likely to vitiate the results. 
•Further, it was necessary that the diet should contain all the constituents 
required to keep the animal in good condition. 

Ultinftitely tlie following diets were selected 
•(1) 90 grammes of white bread mixed with the white of one egg were 
moistened with a dilute solution of Liebig's extract of meat and lightly fried. 
About 4 grammes of cream were then added. 

(2) About 200 grammes of germ of wheat, which had previously been 
thoroughly extracted with ether, were mixed with a little Liebig's extract 
dissolved in hot water to a stiff paste. This was inc.orporated with about 
iJO grammes of suet, and the paste baked for two or three hours in a dish iti 
hot oven. The suet used was purified as far as possible from cholesterol by 
dissolving in ether and precipitating with alcohol several times. An analysis 
ahowed that this purified fat still contained 0*118 per cent, of cholesterol 
-Either jfroe or in the form of esters. 

^0 animals experimented on partook of these foods readily and appeared 
40 tii^rivo on them. 
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V. A cat weighing 3'5 kilogrammes was fed for 17 days on the above- 
mentioned biead and egg diet, and the feeces were collected daring the lost 
15 days. During the period in which feeces were collected, the animal ate 
1390 grammes of bread, the whites of 18 eggs, and about 65 grammes of 
cream. The weight of the cat remaineiid quite constant until the 10th day of 
the experiment, after which it gradually decreased to 3-2 kilogrammes;. 
300 grammes of dry fseces were collected, which after extraction ^yielded 
1'735 grammes of unsaponifiable matter as a dark oil. On recrystallisation 
from alcohol three times, 0’6075 gramme of white crystalline matter, melting 
at 125° — 138° C. was obtained. From the residues 0'2604 gramme of 
benzoate was prepeired. A microscopic examination of the crystalline matter 
showed that it was a mixture of cholesterol with probably some phytosterol- 
like substance from the bread. Beckoning the whole as cholesterol, the total 
weight obtained was 0'8126 gramme, corresponding to an output of 
0'05 gramme per day. 

VI. This cat was fed for 17 days on the bi’ead-egg-cream diet, with the 
addition during part of the time of 2 grammes of cholesterol, given in 
0'26-gramme portions. Altogether the animal ate 1710 grammes of bread,, 
the white of 17 eggs, and about 60 gi-ammes of cream. It liked the food, and 
during the experiment increased in weight from 3*2 to 3*3 kilogrammes. The 
total weight of dry faeces was 488 grammes and yielded 2*48 grammes of 
unsaponifiable matter of a crystalline nature. After twice crystallising from 
alcohol, 1'935 grammes of white crystalline matter were obtained. This was 
again recrystallised from alcohol, and the main crop consisted of aknoet pore- 
cholesterol, melting at 143° — 144° C. The final mother liquors yielded ^ 
minute amount of matter, crystallising in star-sliaped aggregates of needles, 
not unlike ooprosterol in appearance. The residues, on benzoyiation in- 
pyridine, yielded 0*1723 gramme of benzoates. Assuming that the whq}e 
crystalline matter consisted of cholesterol, the total amount was 2*07 grammes, 
a quantity only a little greater than the weight of pure cholesterol given to- 
the animal. 

VII. Four oats were fed for 10 days on the above-mentioned diet of 
extracted germ of wheat' and purified fat, the fseces being collected daring tbe- 
last nine days. The animals took the food readily and ate during the period 
1980 grammes of wheat germ and 308 grammes of fat, the total weight of 
which, when cooked as described, was 3916 grammes. The weights: of tim' 
cats during the experiments were as follows. 

490 grammes of dry fteces were collected and yielded on exttaoti<m< 
3*3246 grammes of unsaponifiable matter of an oily semi-solid consistency. . 

After several * crystallisations from alcohol, 1*1495 grammes of whit^ 
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crystalline matter were obtained, which melted at 135^^ — 137° C. This 
consisted mainly of cholesterol, for a portion, after recrystallisation again from 
alcohol, melted at 142° 0,, and another portion, on treatment in ether acetic 
acid solution with bromine, according to Windaus' method, gave cholesterol 
dibroinide, melting at 120° — 122° C., in fair yield. The mother liquors, after 
recrystallisation from alcohol, yielded a small amount of matter, which 
under the microscope had the appearance of a mixture of cholesterol and 
phytosterol. The residues, after separating the above-mentioned 1*1495 
grammes of cholesterol, were benzoylated in pyridine solution and 0*5049 
gramme of fairly clean l>enzoate was obtained. Tliis melted, after recrystalli- 
sation from ethyl acetate at 146° — 147° C., to a turbid liquid, which cleared 
at 170° and on cooling gave a brilliant display of colours. Reckoning the 
whole of,the crystalline matter as cholesterol, 1*6472 grammes were obtained, 
corresponding to a tiaily output of about 0*04 gramme ; or, if we subtract the 
quantity of cholesterol contained in the fat given with the wheat genu, which 
amounted in all to 0*36 gramme, the daily output, independent of food, was 
0'083 gramme. No trace of coprosterol was discovered. 

« VIIL A cat, weighing 1*7 kilogrammes, was fed on a diet prepared similarly 
to the last, but without any fat, for 17 days. It consumed altogether 
630 graiitmes of extracted germ of wheat, and producetl 93 grnnnnes of dried 
faaces* Tlie weight of the unsapoiiifiable matter was 0*0930 gramme and 
fairly crystalline. From this 0*5495 gramme of cholesterol was obtained, 
corresponding to an output per day of about 0*03 gramme. 

IX, A oat was fed as in Experiment YI II for eight days, but during the 
first five days it received, mixed with its food, small quantities of pure 
pbytosterol It consumed altogether 250 grammes of the extracted germ 
and 1-41 grammes of phytoateroL The weight of dry feeces was 68 grammes 
and this yielded 1*7416 grammes of unsaponifiahle matter as a greasy 
crystalline solid. On crystallisation from alcohol, 1*3545 grammes of white 
crystalline matter, which appeared to consist of almost pure phytosterol. An 
attempt was mode to separate any cholesterol from this by conversion into 
the dibromides by Windaus* method, but without success. A small quantity 
of dibronaide separated out on standing after the addition of the acetic acid 
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solution of bromine to the solution of the substance in ether; this was filtered 
off and reduced in glacial acetic acid solution with zinc dust. The product, 
which sliould have been cbolesterol, had it been present in any quantity, on 
heating began to soften at 137® and was not completely melted until 142® C. 
An exanunatiou of the crystals under the microscope showed that they con- 
tained phytosteroL The soluble dibromide tieated in a similar way gave a 
substance melting at 138® — 140® C. A microscopic examination sho^Ved that 
this was largely phytbsteroL 

The residues, after the separation of the 1*3540 grammes of phytoaterul, 
were treated in pyridine solution with benzoyl chloride ; 0*1196 gramme of 
benzoate was obtained. This, after recrystallisation from alcohol, molted at 
] 45® — 146® C. to a dear liquid and on cooling showed colours, though not 
very brilliantly. On carefully examining the crystals under the microscope, 
they were found to consist of phytosterol benzoate and none of the typical 
squai-e plates of cholesterol benzoate could be seen. The conversion of 
phytosterol into the benzoate by tJie pyridine method is by no means quauti* 
tative, 80 that we do not know whether all was recovered from tlie residues. 
Altogether T4487 grammes of phytosterol were recovered, including, of 
course, cholesterol if present. All the phytosterol given in tlie food was, 
therefore, excreted uncliauged, but whether accompanied by chole^teri)! we 
cannot say. There could not, however, have been much. 

X. Immediately after the conclusion of the last experiment the diet Was 
continued, but witli the substitution of cholesterol for phytosterol. The 
experiment lasted 12 days, cholesterol being given with the food on the first 
eight days only. During the period the animal ate 620 grammes of gerr% 
and 2 grammes of cholesterol; 138 grammes of dried teces were collected 
and the yield of unsaponifiable matter was 2*1775 grammes in the fcm of a 
brown solid. After recrystallisiiig twice from alcohol, 1*5456 grammes rf)f 
cholesterol, melting at 145® — 147® C,, were obtained. This figure is rather 
low owing to an accident, but the amount lost was under one-tenth of a 
gramme. The residues on benzoylation yielded 0*4386 gramme of cholesterol 
tenzoate. The total cholesterol obtained was, therefore. 1*89 grammes, so 
that the total amount excreted could not have been greater than the weight 
of the cholesterol administered. 

IHscvmion qf the Jiesults. 

The conversion of cholesterol into coptosterol in the gut of the cat appears 
to take place only in the case of meat diets, and then the change is not 
necessarily complete. The two cats in Experiments I and II wMoh yielded 
only coprosterol had been previously fed for some time on slieep’s brain. The 
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others, which liad previously been fed in an ordinary way and led the 
ordinary domestic life, yielded a mixture of cholesterol and coprosterol. The 
animals fed on the artificial and vegetable diets gave no coprosterol. This 
mcalls the experiences of Muller,* who found that in man a prolonged milk 
<liet resulted in the excretion of cholesterol and not coprosterol. In all our 
experiments on meat diets the total cholesterol and co})r()8terol excreted was 
considesably less than that taken in with the food. Without considering the 
cholesterol poured into the gut with the bile, the ]^)ercentage loss in 
Experiments I and II together was 53 per cent. ; in Experiment III, 40 per 
cent. ; and in Experiment IV, botwexm 59 and 60 per cent., an average loss of 
0*08 gramme per day. Two alternative explanations of theses results suggest 
themselves. 

(1) Tlie hypothesis put forward in an earlier pa^MU’t that cholesterol is a 
substance which is strictly conserved in the animal economy : that when the 
destruction of the re<l blood corpuscles and possibly otlior cells takes place in 
the liver, their cholesterol is excreted in the bile, and that the cholesterol of 
tlie bile is reabsorlied in the intestine along with the bile salts, and finds its 
way into tlie blood stream to be used in cell -anabolism ; and further, that any 
waste of cholesterol might be made up from that taken in with the food. 
This latter process would of course be limited in man and carnivorous animals 
by the <?hange of cholesterol into coprosterol, and in herbivorous animals by 
the fact that their normal food does not contain cholesterol, but isomeric 
substances such as phytosterol, which would have to be converted into 
cholesterol before utilisation. Eurther evidence in support of this hypotla‘siB 
in the case of herbivorous animals was broiiglit forward by Miss Fraser and 
*one of US in a papev^ on the “ Inhibitory Action of the Sera of liabbits fed on 
Diets ccj^itaining varying Ainoimts of Cholesterol on the Hannolysis of Blood 
by Saponin,'' 

*(2) The change of cholesterol into coprosterol is generally supposed to be 
one of simple reduction brought about in the intestine by the bacteria of 
putrefaction. We have, however, no experimental evidence that coprosterol 
is a simple reduction prc^luct of cholesterol, as it is quite different from any 
of the biliydrocholesterol derivatives hitherto produced in the laboratory ; and 
further, attempts to bring about the chatige in vitro by means of bacteria 
have so far been unsuccessful Whatever the exact naturt; of the change 

^ ” Beduotion of Cholesterol to Coprosterol in the Human Intestine,” ‘ ^eit. physiol. 
Chem./ 1900, vol, 29, pp. 129—135. 

+ Origin and Destiny of CJholeaterol,” Part HI, ‘ Roy. Soc. B, vol 81, 1909, 
p. 109. 

I Origin and Destiny of Cholesteroy* Part V, * Boy. Boc. Pi’oc.,' B, vol. 81, 1909, 
pp. 230-247. 
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may ba, however, it may be accompaaied either by a total destruction of a 
portion of the cholesterol, which in view of the great chemical stability of 
the molecule of this substance is unlikely, or a change of a portion into some 
non-crystalline oily product. 

We do not think, however, that a comparison of the total weights of the 
unaaponifiable matter of the fceces given in Table I with the weights of 
cholesterol in the food bears out the second explanation, more especially when 
we remember that the latter weights should be increased by the quantities of 
cholesterol poured into the gut with the bile during digestion. The weights of 
unsaponifiable matter are, moreover, generally higher than the truth, as they 
are often rather difficult to dry, without drastic means, and often contain 
traces of soap. 

If the first-mentioned explanation were strictly true, we should not have 
expected to find any cholesterol in the faeces of the cats fed on the artificial 
cholesterol-free diets — the feecos should have been cholesterol-free, just as are 
those of herbivorous animals. Small quantities of cholesterol were, how- 
ever, found. In Experiment V, on bread, egg, and cream diet, the cat 
excreted 0*05 gramme per day, a minute fraction of which, however, may 
have been due to cream ; and further, in this weight is included the 
phytosterol of the bread. In the case of the cats on extracted germ 
of wheat, in Experiments VII and VIII, the quantities excreted were 
0 033 and 0*03 gramme per day respectively. These values may also have 
contained traces of phytosterol left in the germ after extraction. Whether 
these quantities are large enough to represent the whole of the cholesterol of 
the bile daily poured into the intestine, no data are available to determine. 
If, however, we adopt tlie data given for dogs, the values are undoubtedly tews? 
low. Further, the quantities of feeces produced per day on the vegetable 
diets were very much larger for a given weight of food than in the case of 4 
meat diets, and possibly this may have caused some of the cholesterol ^0 
escape absorption. 

In the case of Experiments VI, IX, and X, however, in which known 
quantities of cholesterol or phytostorol were added to the daily rations of the 
artificial foods, no excess of cholesterol above that administered was recovered 
from the feces. 

From the point of view of deciding whether in the case of carnivorous 
animals the cholesterol of the bile is normally reabsorbed along with the bile 
salts in the intestine, these results are inconclusive. Experiments are, how- 
ever, in progress to compare the effect on the blood of the addition of 
cholesterol to artifical diets such as those used in the experiments detailed 
in this pajer. The results of these experiments we expect to give more 
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-definite information on this point, and we hope to make the subject of a 
^mmunication in the near future. 

The expenses in connection with this work were defrayed by means of a 
Ijrant made by the Government Grant Committee of the Royal Society, for 
which we take the opportunity of expressing our thanks. 


On the Supposed Presence of Carbon Monoxide in Normal Blood 
and in the Blood of Animals ancesthetised vnth Chloroform. 

By G. A. Buckmastek and J. A. Gardner, 

(Communicated by A. D. Waller, M.D., F.E.S. Received August 12, 1909.) 

(From the Physiological Laboratory of the University of London.) 

While engaged in the study of the gases of the blood during the various 
stages of anoesthesiu by chloroform, we found after absorption of the carbon 
dioxide and oxygen extracted by the blood pump an amount of residual gas 
far in excess of any amount that could be regarded as nitrogen remainder plus 
leak of apparatus.* We have found as the result of many exjyoriments, 
carried out to determine this particular point, that practically all the chloro- 
form present in the blood of anaesthetised animals comes off with the gases 
of the blood when these are extracted at 40*^ C., so that the excessive residual 
|;a8 is in large part chloroform vapour, or its decomposition products. The 
•exact method of procedure of analysis of these gases and the effects of the 
pre8ence*of this chloroform on the methods of analysis will fonn the subject 
of a forthcoming paper, but we quote the following experiments to show what 
peroentagos of chloroform may be present : 

Cat, weight 3 kilos. ; chloroformed for one hour with an air-chloroform 
mixture 2 — 3 per cent., 64 o.c. of dark blood withdrawn from carotid artery. 

Tl\e gases extracted with the pump at 40® C. were mixed with excess of 
pxxre moist oxygen and passed through red-hot spiral platinum tubes. The 
products of combustion were collected in ammonia. This was exactly 
neutralised with nitric acid and titrated with silver nitrate (1 o.c. = O'OOl Cl) ; 
17 c*c, of silver nitrate were required = 0*01986 gramme CHCU = 3*7 o.c. of 
chloroform vapour at 0® and 760 mm. 

* The blood pump employed wa» the To&pler a» modifie<l by Barcroft (Mournal of 
'•I*%»iology/ voi. 85 , p. 865 ), with certain modifications for this particular work. These 
*Wlll be desmibed in our paper on the blood gases in chloroform anmsthosia. 
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The blood therefore contained 0*0348 gramme of chloroform per 
100 grammes of blood, so that the blood gases evolved contain about. 
10 per cent, by volume of chloroform vapour. 

To quote another experiment : — 

Cat, M^eight 3*5 kilos.; chloroformed with an air-chloroform mixture of 
2 ]>er cent., 54 c.c. of dark blood withdrawn from carotid artery for analysis 
of gases. Immediately before and after withdrawing this, two extra, samples 
were taken of 10 c.c. each for analysis by the metliod which we call the 
method of Nicloux.* 

Volume of gases extracted ^ 30*53 at 0*^ and 760 mm. This gas was 
analysed as in former experiment ; 19*9 c.c. of silver nitrate were retiuired 
(1 c.c. = 0*001 Cl), which corresponds to 0*0223 gramme of chlorofonn = 
4*15 c.c. of chloroform vapour at 0° and 760 mm. = 0*0419 gramme of 
CHCla in 100 grammes of blood. 

Sample I (Nicloux method) gave 0*0396 gramme of chloroform per 
1 00 grammes of blood. 

Sam]>le II (Nicloux method) gave 0*0403 gramme of chlorofonn per 
100 grammes of blood. 

The blood gases were always evacuated from blood at 40° C., and at this, 
temperature and under the conditions we employed for anfesthetisation it is 
clear that practically all the iddoroform which is calculated to be nn blood 
can be recovered as cliloroform vapour. 

Jn 1894 Grdhantf recognised the presence of a conibustible gas in the 
blood. Tins he considered to be carbon monoxide. The amount of this in 
blood he determined with his grisomnHre, an instrument by means of which 
he could measure the quantity of carbon monoxide fixed by hcemoglobiu ift 
ah atmosphere which contained one part in 60,000. 

As the result of experiments carried out on dogs in Paris, Desgrez and , 
NiclouxJ staked that carl>on monoxide is not only a normal constituAit 
of the blood gases, but that the blood of these animals, when aniesthetised by 
chloroform, contained an augmented quantity of this gas: *‘Le8 animaux 
soumis k l’anesth<5sie par le ohloroforme nous ayant fourni un sang notable- 
ment plus riche en oxyde de carbone que leur sang iiortnaL” This 
conclusion is drawn from their experiments, which we summarise in the' 
following table. 

Their method of estimating c^arbon monoxide consisted in passing the* 

* “ Dosage de Petites Qimutit^s de Chlorofome," * Extralte du Bulletin da la Booidt^ 
(liimique de Paris/ 3rd eeries, voJ. 33, p, 321, 1906. 

t Ordliant, ‘Oomptes reudus,* November 8, 1607, and ‘Leu Gaz du Sang/ p. 109, 1894*^ 

X * Archives de Fhysiolpgie/ No. 2, April, 1808, p. 377. 
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blood gases over iodine pentoxide at 160® C., and estimating the iodine 
liberated by the method of Eabourdin. Beyond the fact that carbon 
monoxide decomposes iodic anhydride under these conditions, whereas neither 
hydrogen nor methane will do this, Desgrez and Nicloux bring forward no 
evidence whatever that the liberation of ioiliue in their experiments is due 
to carbon monoxide from the blood. 

They explain the production of carbon monoxide in chloroform ausesthesia, 
in the light of observations of Desgi-ez,* that chloroform is decomposed by 
n solution of potash 1 : 8 with production of carbon monoxide according to 
one of the following equations ; — '• 

CHCI3 + 2KOH = 2KC1 + H,0 + HCl + CO ; 

CHCI3+KOH = KC1+2HC1 + CO. 

But the blood is certainly not an alkaline fluid iu the sense that even an 
extremely dilute solution of potasli is ; the blood is both alkaline and acid 
according to the indicator chosen. This reaction cannot therefore be 
regarded as lending support to their conclusions. 

The statement that carbon monoxide is contained in blood was apparently 
confirmed by Saint-Martin.f This observer worketi with large quantities of 
blood, 600 0.0. being taken for an experiment. The blood was mixed with 
oxalate of potassium solution in the proportion of 1 gramme of the salt to 
500 grammes of blood. The gases evacuated from this mixture at 45° C. 
by the blood pump were rejected, and on the subsequent addition of 250 c.c. 
of saturated tartaric acid solution a further liberation of 30 to 40 o.c. of gas 
occurred. This proved to be a complex mixture of gases among which was 
carbon monoxide, which he absorbed with ammoniaoal cuprous chloride. ^ 

In two papers, Lepine and Boulud| state that iu 25 c.c. of dog's blood they 
could And no carbon monoxide, though working with the apparatos devised 
by Desgrez and Nicloux. In blood taken jwst mortem of severe oases,, of 
anismia, carbon monoxide is present, whereas in control cases which were 
non*anemic the presence of this gas could not be detected. After injections 
of oxalate of calcium or tartaric acid into the ciroulation as much as 0'4 0.0. 
of carbon monoxide per 100 c.c. of blood was found. Practically no experi- 
mental details however are given in their papers. 

Finding all these results difficult to understand, we incidentally, during the 
course of some other experiments, made an examination of a sample of t^e 
blood of a cat which had undergone a prolonged aneeetfaesia, both spectro- 
scopically and by Haldane’s method, without being ahto to detect the 

* 'OoiBiJtei Bendui,’ Novsmber 15, 1897. 

+ ‘Comptes Bendu*,’ February 14, 1898. 

I liepiae at Bonlud, * Oomptes Bendas,’ p. 66, 1906, and p. 30S, 1906. 
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presence of any carbon monoxide ; and without denying the conclusions of 
Desgrez and Nicloux, stated in a |)aper published in 1906,* that we were 
unable to accept the view that the combustible gas appearing during 
chloroform-narcosis is carbon monoxide, a product of the decomposition 
of chloroform within the organism.” This led Prof. Niclonx, in his work 
* Les Anesthesiques Generaux/f to make an attack on us and represent that 
we had ‘denied the accuracy of his results on the strength of n single experi- 
ment by a spectroscopic method on a cat, whereas his experiments, he remarks, 
were performed on dogs. In reality our observations were made by the 
admittedly delicate method of Haldane, in which weak solutions of blood arc 
examined in long glass tubes. We were therefore led to examine tlie 
conclusions of Pesgrez and Nicloux in more detail. 

Is there any mrhon rnono:dde m the yases of the Hood which can he detected 
hy passing the gases thrnugh sohitiom of oitydioemoglobin ? 

It will Ije seen from the table wo have given that Pesgrez and Nicloux state 
that normal blood contains 1*6 c.c. of carbon monoxide per litre of blood. In 
that of ansesthetised animals they find amounts of 2*6 c.c., 2*4 ex., and 
6*9 c,c. On the assumption that a litre of blood yields 600 c.c. of mixed gases 
at 0® and 760 mm., then the CO-content of normal blood is 0*27 per cent., 
which iq chloroform anesthesia may reach 1*15 per cent, by volume. The 
actual quantities of gases these observers examined were about 15 c.c. 

We have minutely followed the directions contained in Haldane's papers, J 
using mixtures of air and carbon monoxide. In the first experiments 500 c.c. 
of air with 4 c.c. of carbon monoxide =» 0*8 per cent. CO wore useii. 
Measured volumes of this mixture were slowly bubbled through 1 : 100 
solutions of freshly dofibrinated cat's blood. The tubes so treated were 
eompareiJ with control solutions, the two solutions being compared either 
undiluted or equally diluted. Long columns of these solutions were 
examined in long glass tubes, with the following results : — 


SeriM. 

Volume of mixture 
of air -f 00 in c.c. 


I 

60 

Hb + CO detected without dilution. 


26 

Ditto. 


16 

Ditto. 

11 

60 

Ditto. 


25 

Ditto. 


10 

Ditto. 


5 

Detected on dilution in long tubes. 

* 

‘ Boy. Soc. Proo./ B, vol. 78, 1908, p. 414 t Paris, 1908. 


'Journal of Physioli^y,' 

1898, vol. 18, and Ubiim, 1899, vol 19. 


2 F 2 
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lu another series of experiments mixtures of 500 c.a of air and 1 c.c, of 
carbcni monoxide == 0*2 per cent, by volume were used. 

V^olunie of mixture 
employed in c.c. 

50 Hb-i-CO recognised readily: 0*4 c.c. of the blood in water 
compared with control similarly prepared. 

25 Equally well marked : 0*4 c.c. of blood in water compared with 
control similarly prepared. 

10 Difference from control quite noticeable. 

From these results it is clear that the quantities of carbon monoxide stated 
by the French observers to be present in blood gases should be readily 
recognisable by this method, for half the amounts stated to be present in 
normal blood are recognisable. 

In order to ascertain whether carbon monoxide was present in the blood of 
onoesthetised animals the gases of cat’s blood, never less and generally more 
than 60 c.c. in volume, were evacuated from 108 c.c, or more of blood at 
40^^ (\, without the addition of any acid, until no further trace of gas could 
be obtained. The chloroform used for aneesthetisation was chloroform puriss. 
B.P. (made from acetone) washed with water, shaken with excess of anhydrous 
potassium carbonate, filtered and then distilled. ' 

To quote some of the experiments : — 

Duration of Volume of very 

amesthesia. dark blood, 

h. m. b. m. c.c. 

I. 12 52—2 19 54 e 

2 19—2 47 54 

The total gases were slowly bubbled through 1 : 100 fresh defibrinated o^t's 
blood and this examined against control solutions both diluted and undiluted. 
The solutions were also examined witli Michael’s tintometer, No differences 
whatever could be detected either by ourselves or by four separate 
independent workers in the laboratory, all of whom were unacquainted with 
the purpose for which the observations were being made. 

II. 191 cx. of blood, from two cats deeply ancesthetised for 1 hour 6 mine, 
and 1 bout 40 min& respectively, were evacuated. The gas so obtained was 
slowly bubbled through 1 : 100 blood solution and compared with control 
blood solution through which an artificial blood gas containing ohlorolorm 
vapour was bubbled. No difference whatever in tint could be recognised 
with the nqked eye either in diluted or Undiluted solutions by ourselves qr by 
five independent workers in the labomtoryi This resuk was (xm&tmed by 
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comparisons made with Michaers tintometer. DifFereiioes could, however, be 
readily detected when 0*2 c.c, of blood of similar dilution 1 : 100 saturated 
with CO gas was added to either of the original solutions through which the 
blood gases or artificial mixture had been bubbled. 


Duration of Voluitie of 
aneastbesia. blorxL 

* hrs. (;.e. 

rn. 2 54 

20 min. later. 27 


Gases bubbled through as before, examination as above. No diBerenoe 


whatever could be detected. 


i>ututum of 

Volume of 

anft.»«theHia. 

blood. 

It. m. 

C.C. 

IV. 1 30 

54 

MO min. later. 

54 


The total gases as before bubbled through 1 : 100 human defibrinated 
blood. On examination as Ixafore, no differences whatever could be detected. 

These experiments, we submit, conclusively sliow that when the blootl of 
anffisthetised animals is evacuated at 40° C. until no further gas is evolved, 
the gas obtained contains no recognisable trace of carbon monoxide, and, 
therefore, if this is present it is present in far smaller quantities than Desgrez 
and Mqloux state to ho the case in normal blood gases. Therefore, chloroform 
^ is not decotnposed in the organism or in the blood with production of carbon 
monoxide. If there was any carbon monoxide really present in their experi- 
ments, this must have been due either to the acid which they added before 
evacuation of the gases, a view from which they explicitly dissent, «r Imvc 
been produced in their experiments. 

It now became necessary to arrive at some explanation for the iodine 
evolved in the experiments of Desgrez and Nioloux, and the most obvious 
lino of research was to study the effect of oblorofomi vapour on iodic 
anhydride at various temperatures, and also the effect of heat alone on this 
substance. For this purpose the following apparatus was employed. The 
gases of the blood, mixtures of air and chloroform or other gases under 
inyest^ation were swept over the iodine pentoxide by a current of oxygen 
iu^liated at a rate vaiying from 1 to 2 litres an hour. This plan was 
adopted to obviate the entrance of air of the laboratory, which might 
QO&taiki traces of carbon monoxide; and as a further precaution the oxygen 
passed through a long combustion tube filled with red hot copper oxide. 
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The general arrangement of the apimratus is shown in the accompanying 
figure. The oxygen current passes from left to right through (1) combustion 
tube, (2) bulbs containing 40 per cent, potash, (3) bulb containing the gas 
under examination, (4) a U-tube containing powdered potash, the proximal 
limb of whicli was slightly moistened, (5) a calcium chloride drj'ing tube, 
(0) tube containing iodic anhydride, (7) absorption vessel containing 10 c.o. 
of a 10 per cent, potassium iodide solution to absorb any liberated* iodine 
(this was kept cool during the experiment), and (8) aspirator. 



1 2 3 4 5 67 8 


The bulb (3) was either one of Waller’s densimeter bulbs of 255 c.c. 
capacity for mixtures of chloroform and air, or, in the case of blood gases, 
a 200 c.c. tube with stopcocks at either end. 

t 

Effect of Heat on Iodine Fentavide. 

Dr. Wade, of Guy’s Hospital, who has for some time past been engaged in 
studying the methods of estimation of small quantities of carbon monoxide, 
kindly informed us, wlien we commenced these experiments, of tlie fact which 
he had observed that iodine pentoxide invariably gave off iodine when first * 
heated, and that this evolution of iodine never actually ceased, altliojjigh the 
rate eventually became steady if the temperature was maintained constant. 
This we can entirely confirm. We used iodine pentoxide tubes of a special 
kind devised by Dr. Wade, a full description of which, along with bis results, 
he is about to publish. For this reason we give no further account of our 
experiments in this direction. 

Effect of ClUorojvrm Vapour on Iodine Fentoseide at various TemperaJtv/fes, 

The above-mentioned tubes were thoroughly cleaned and filled with 28 to 
30 grammes of powdered iodine pentoxide and heated for a short time in 
aniline vapour, but in no case was any considerable quantity of water vapmtr 
evolved. The oxide was then heated in a current of purified oxygen for 24 tq 
48 hours or longer, the tube being placed in the vapour of a suitable %iti4. 
boiling at the temperature we desired to use in an actual experiment, the 
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rate of evolution of iodine per hour became approximately constant. Different 
sjrecimens of iodine pentoxide, and even different tubes made from the same 
sample, were found to differ considerably in this respect. These differences 
may in part have been due to traces of impurity in the iodine pentoxide, 
or more probably to different states of physical a^egation. A specimen 
obtained from a French source kindly recommended to us by Prof. Nicloux, 
which tjualitativo tests showed to be pure, after prolonged heating at 
157” C. evolved iodine equivalent to 1 o.c. of N/1000 soflium thiosulphate in 
two hours, but we never reduced the amount below this value. We hoped at 
first to l>e able to determine for each tube the constant loss of iodine per 
gramme ptir hour at the temperature employed in our particular experiments, 
but experience soon showed that, in addition to the difficulty of keeping all 
conditions sufficiently constant, when chloroform vapour had been passed 
through a tulie the “constant” underwent change. It was therefore found 
more satisfactory to make a blank determination of the iodine liberated in a 
given time by heat alone before each experiment and sometimes also after. 
The temperatures we employed were 100° C., the boiling point of xylene 
(137° C.), the boiling point of bromobenzene (157° C.). 

The chloroform used in our experiments was made from acetone and 
careful^ purified for us by Dr. Wade. It boiled at 61°-14 to 61°15 C. at 
760 mm. and had a specific gravity 1'6008 15/16. 

Esspirirntmi /. — 0'0588 gramme of chloroform, weighed in a thin bulb, was 
placed in the vessel (3) and the bulb broken. The chloroform vapour was 
swept gver the iodic anhydride in a current of oxygen at the rate of 1 to 
^IJ litres per hour. The current was maintained for 81 minutes. Iodine 
equivalent to 102’9 c.c. N/1000 sodium thiosulphate was liberated. In a 
oontroDexperiment which had previously been made under similar con* 
cyitions in 104 minutes, iodine was liberated equivalent to 1-5 c.c. N/1000 
sodium thiosulphate. Thus each gramme-molecule of chloroform liberated 
2'6 grammes of iodine, i.e. about 1/100 of a grsmme-molocule of iodine. 

In the following experiments, mixtures of air and chloroform vapour 
(amounting to 266 c.o. in each case), the concentration of which was deter- 
mined by Waller’s densimetric method, were passed through the apparatus 
at different temperatures. A few of the results are given in the following 
table (Table II). 

A very large number of experiments were made, and it was found that 
the quantities of iodine liberated varied markedly with different tubes and 
With alteration of the conditions of the experiment. This was particularly 
tile cMe' in experiments conducted at 100° C. 
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Table II. 


Temp, 

OHCls in 
air. 

Duration 
of oxygen 
current in 
control. 

Duration 
of oxygen 
current in 
experi- 
ment. 

Iodine ] 
iaN/lOC 
thiocul] 

Control. 

1 

liberated 

K) sodium 
pkate in 

Experi- 

ment. 

Iodine 
liberated 
by OHClj 
only in 
terms of 
tkio- 

1 sulphate, 


per cent. 

{ h. m. 

k. m. 

i c.o. 

1 

c.o. 

1 

1 0.0. 

157 

7*9 

1 

1 36 

i 

2 6 

8*4 

67 ‘46 i 

I 51 *66 

137 

I 4*0 

2 0 

1 

, 

1 20 

4*6 

8 ‘6 

i 

4 '0 1 

137 

7‘0 

1 

1 20 

1 20 

8*0 

i 

4*0 

1*0 ^ 

100 

9*2 

1 40 

1 80 

1*6 

24*0 ' 

22 *65 


EemarkB. 


: Gm in a^iratxir 
smelt of OHCl). 

In those experi- 
ments N /lOOO was 
aotnally us«d» so 
that the figures are 
only approximate. 
The gae in aspi- 
rator smelt dis- 
tinctly of chloro- 
form. 


[Octolcr 12, 1909. — “ It was further noticed that when the U-tube (4) con- 
taining solid potash was eliminated from the circuit, the qiutntities gl iodine 
evolved underwent a marked diminution. 

When iodine peutoxide is boiled under a reflux condenser with pure chloro- 
form the action is very slow. One gramme of pentoxide boiled with 6 c.c.. 
of pure chloroform for three hours only gave iodine equivalent to 18*7 c.c. 
of N/1000 sodium thiosulphate. At higher temperatures the action does not* 
appear to proceed much more rapidly, as the following results of experiments 
in which iodine pentoxide and chloroform were heated in sealed Itubes at 
temperatures of 100® C. and 137° C. respectively indicate : — • 


I (1) Weight 

Volume of 

Temperature. 

Duration of 

I Iodine liberated in terms of 

1 of lA- 

chloroform. 

heating. 

j N/IOOO thiomalphBte. 

( 

gramme. 

0 . 0 . 

1 

100 

hour* 

X 

1 0 ^ 0 . 

18*9 

1 ^ 

1 

1 

187 

1 

21 *1 


In control experiments in which the same weights of iodine pentoxide 
were heated without chloroform, the quantities of iodine set free were eqnivft- 
lent to 1*2 and 1*4 c.o. of thiosulphate respectively. , 

It was clear from these results that although iodine pentoxide reibts wiUi 
pure chloroform with the liberation of iodine, the amoui^ so product are 
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insufficient to account for some of the quantities found in the experiments 
quoted in Table IL 

It is known from the exiHjrimerits of Desgrez*, and of Thiele and Dentf , 
that cliloroform is decomposable by aqueous potash in the cold with the 
production of carbon monoxide, and it seemed not unlikely that in this 
reaction an explanation was to be found for the comparatively large amounts 
of iodinfe evolved when U-tube (4) was in the circuit. 

That this was the case is proved by the following experiments: — 

Efftci of Solid Fotadi on Ghhmform. 

Experimmi L — Two stout test-tubes filled with mercury wore inverted in 
a bath of mercury. Into one a piece of dry solid potasli was introduced, and 
into the other a piece of potash, the surface of whicVi was moistened with 
water. A few drops of chloroform were then passed into each tube. In 
both cases a slow evolution of gas commenced at once, and after standing 
overnight 3—4 c.c. of gas had collected above the mercury. This gradually 
increased in quantity until at the einl of three days the tubes were almost 
full of carbon monoxide. 

EA^^Hment IL — In this experiment a comparison was made l)e tween the 
quantities of iodine liberated when a 5 to 6-per-cent, mixture of chloroform 
and air was passed over iodine pentoxide (A) with the U-tubes 4 and 5 in 
the apparatus figured al)ove filled wit^ calcium chloride, (B) with the 
U-tubes 4 and 6 filled with roughly-powdered potash, that in the first limb 
of 4 beiflg slightly moistened. The experiments were conducted otherwise 
^nder rigidly similar conditions. The following results were obtained : — 


* 

' 


Cumpositiou 
of C’HOIa 
&ud air 
mixture. 

duration 
of oxygen 
current 
in control. 

Pumtion 
of oxygen 
current 
in expt. 

Iodine liberated in 
terme of N/IOOO 
thiosulphate in 

Control. 1 Kxpt, 

1 

Bifferonce 
between 
expt and 
ooutrol 
in c.o. of 
thiosulphate. 



A 

Ufing CoOis ! 
tubes 

137 


lumw. ' 
1 ^ 

i 

hours. 

2 

e.e. 1 c.c. 

4*4 ' 11*25 

6*86 

udug KOH 
tubes 

137 ^ 

5 41 

1 

2 

1 ■ 

2 

4-4 i 186-8 j 

i ; 

1 1 

181 *5 


♦ ‘Cowptes rendu*, ^ 1897, vol. 125, p. 782. 
f Thiele and Deut, * Aimalen,* IftOS, val. SK>2, pp. 223— 274. 
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Mpcpeviment II L — r5 litres of a 2-per-cent, chlorofomi-air mixture were 
driven by means of a current of purified oxygen through a Y-tube» one limb 
of which was connected with a U-tubt* containing calcium chloride A, the other 
with a U-tube containing roughly-powdered potash B. After passing 
through these tubes the gas was allowed to bubble slowly through two small 
wash bottles, each containing 30 c.c. of a freshly prepared dilute solution of 
human blood. The apparatus was so arranged that the gas passed * through 
the parallel U*tubes and thence through the wash bottles at tbe same rate. 
At the end of the experiment it was found that the blood through which the 
gas from tube A (calcium chloride) had passed contained no trace of oarboxy- 
hfemoglobin, but that in connection with tube B (potash) was almost wholly 
converted from oxyhsemoglobin to carboxyhcemoglobin.'^] 

Effect of Blood Gam in Ancesthesia on Iodine Penloxide, 

From a large number of experiments we give a few results in the following 
table. In all cases there was a minimal amount of experimental interference 
with the animal. The blood was always taken from the carotid artery. 
The gases were evacuated at 40° C. Percentage of chloroform inhaled 
= 2*3 per cent COa absorbed before experiment, and U-tube 4 always in 
circuit : — ^ 

Table III. 


Weight of 
cat. 

Duration of 
auflesthenia. 

Volume 
of blood 
taken. 

Xemp, 

of 

experi- 

ment. 

Duration of 
oxygen current 
in 

Iodine liberated 
in terms of 
N/1000 sodium 
thiosulphate in 

. Iodine 
liberated 
owing to. 
CHOI,. 

t 

Control. 

Experi- 

ment. 

Control. 

Experi- 

ment 

kilos. 

! 

mins. 

o.c. 

o 

»iin. 

min. 

0.0. 

c.o. 

4 

0.0. 

2*8 

48 I 

54 

167 

120 

120 

2-68 

18 *81 

16 -IS* 

2-8 

56 

64 

167 

112 

222 

1*8 

41 *46 

87*88f 

8 8 

I 78 

64 

100 

120 

1 

120 

X'6 

e-0 

7*6 


* Blood vorjr dark. t Blood voty dwde. Aohtuil near asphyxia. 


It seems clear, therefore, from ail these experiments, that the iodine 
liberated by the blood gases of an animal anflesthetised by chloroform is doe 
partly to the vapour of chloroform and partly to the carbon monoxide 
produced by the action of chloroform vapour on the potash in U4ube 4, but 
7wt to the carbo^i mmcmde thtU migM he liberated in the organiem^ 

In order to obtain further confirmation of this, experiments were mad® io 
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iw^hiob the blood gasefj before analysis were freed from cWoi'oforni by shalciug 
'With a few cubic centimetres of alcohol iu the laboratory tube of the gas 
analysis apparatus, and, finally, from traces of alcohol vapour by shaking 
with ice-water. We quote one experiment ; — 


Weight 
of cat. 

Duration 

of 

aneesthoeiia. 

Tolitme 

of 

blood. 

Temp. 

Duration of oxygen 
currei^fc iu 

To<Wne liberated in 
terms of N/KXX) 
sodium thiosulplmte 
in 


i 

Control. 

KxpoH- 

rtumt. 

Control. 

Kxperi- 

ment. 



I kilos. 

1 3 

1 

hour. 

1 

1 ‘ i 

: 54 j 

! o 1 

161 1 

1 

min. 

1115 

min. 

135 

c.c, 

1-7 

c.c. 


The gas, therefore, lil)erated iodine equivalent only to 0*3 c.c. N/IOOO 
thiosulphate, a (juantity which may very well be ascribed either to the 
incomplete elimination of the chloroform or to the variation of the control 
value of tlie tube. - 

[October 12, 1909.— Finally, in order to settle the qgfcstion quite 
conclusively, we mode the following experiment : — 

A cat •weighing 3*6 kilos, was anaesthetieed by means of carefully purified 
-ohloroforin for 1 hour 15 minutes ; 108 c.c, of blood were withdrawn 
iu two lots of 54 c.c. from the carotid artery. The getses were completely 
» pumped out of this blood at 40*^ C., and divided into two portions. The one 
half was* slowly babbled through 1 : 100 blood solution, and examined 
*liy Haldane’s method in the manner described in the earlier part of this paper. 
No trace of carboxyh^moglobin could be detected. 

» Tlie ottier half of the blood gas was allowed to stand for 45 minutes in 
*the laboratory tubes of the gas analysis apparatus in the presence of a few 
lumps of moistened potash. It was then transferred to the measuring tube, 
and thence bubbled thrmtgh 1:100 blood solution as before. The presence 
of oarboxyhsemoglobin was obvious iu this without dilution. 

The results were confirmed spectroscopically in both samples before and 
■irfter the addition of reducing agents.”] 

Comlwions. 

. 1. Our experiments lend no support to the view that carbon monoxide is a 
^normal constituent of the blood gases. We think that the small quantities of 
iodine found in Desgrez and Nicloux* experiments are due to the decomposition 
iodijae pentoxide at the temperature (160° 0.) of their experiments. 
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2, Chloroform is not decomposed in the blood with the formation of carbon 
monoxide. 

.‘i. [October 12, 1909. — “ The iodine liberated in the experiments of Desgi^x 
and Nioloux on ana*8thetifl?jd animals was due to some extent to the direct 
decomposition of the iodine pentoxide by the chloroform vapour contained in 
tlieir blood gases, but mainly to the carbon monoxide produced by the action 
of this chloroform on the potash over which they passed the blood' gases in 
order to free them from carbon dioxide. This explanation is quite in accord- 
ance with their observations that the amount of iodine lil>erated increases 
with the duration of the ansesthesia.”] 

We express our tliauks to the Government Grant Committee of the lioyal 
Society for the funds which they have placed at our disposal for our work. 


The Hexii^ephosphate formed hy Yemtfuice from Heieme and 

Phosphate, 

By W. J. Young (Biochemical Laboratory of the Lister Institute of 
Preventive Medicine). 

(Communicated by A. Hanlen, F.E.S. Eeceived July 30, 1909.) 

It has been shown by Harden and Young* that — (1) the rate of fermenta- 
tion of glucose by yeast-juice is greatly increased by the addition of a soluble- 
phosphate; (2) this rate soon diminishes until a constant rate is. attained,, 
which is only alightly graater than that of the original yeast-juioe wd 
glucose; (3) during this period of increased fermentative activity, the 
phosphate undergoes some alteration, and at the end of the period is no- 
longer present in a form precipitable by magnesium citrate mixture. The 
authors suggested in the first paper that a combination of the phosphate with 
the sugar, to form a phosphoric acid ester, had taken place, and m6re reoentlyt' 
embodied this su^stion in the form of an equation — 

*'^2C«HiA+2E',HPO« == 2COa-|.208H,0 + 0«Hio04(P04R'a)>-i-2H,0. 

It lias also been shown that the same phenomena occur when fruotoee or 
mannose is used in place of glucose.| 

* ‘Chem. Soc. Froc.,’ 180S, voL SI, p. 188 ; ' Boy. Soc. Ftoa,* B, 1906, vol 77, p. 406- 
t ‘Boy. Soo. Proc.,’ B, 1806, vol. 80, p. S89. 

I * CSteiu. Soc. Ppoo.,’ 1808, vol. 84, p 116 j * Boy. fitoe. Proc,,* B, vdl. 81, 1908. 
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In a paper on the changes that take place in the ptosphprus compounds of 
plants, etc. * Iwanoff stated that, during the fermeutation of sugar by pressed 
yeast, the inorganic phosphaie.s of the yeast are converted into organic 
compounds. This observation, however, remained unknown to the author of 
the present paper until the publication of a later paper by Iwanoff, f in which 
he described the formation of a phosphoric acid compound during the fernien- 
tation ot glucose or fructose in the presence of sodium phosphate by yeast 
which liad been previously treated with acetone (“ zyinin ”). By precipitating 
with copper acetate, decomposing with sulphuretted hydrogen and evaporating, 
he obtained the freh acids, corresponding to these compounds, in the form of 
dark brown syrups, which when prepared from glucose contained 19'6 to 
20 per cent, and from fructose 13*4 to 14 per cent, of phosphorus. No other 
analyses were given in the paper. These syrups gave the characteristic 
Teactions of aide- an<l keto-groups, and yielded osazones when heated with 
phenylhydrazine, that from the glucose compound melting at 142°, and that 
from the fructose compound at 125°. Iwanoff concluded tliat these bodies 
were compounds of phosphoric acid either with a triose or with methylglyoxal, 
•and that they were different according to the sugar from which they were 
derived. 

At the time when IwanofiTs paper appeared, a considerable amount of work 
had beeli done by the author on this reaction, and a preliminary note was 
published describing the isolation of the compound by means of its lead salt.J 
It was shown that tliis salt had the empirical formula C 3 H|> 0 a(P 04 rb), and 
when decomposed with sulphuretted hydrogen yielded an acid which was 
slightly (lextro-rotatory, and which, when the solution was boiled, underwent 
hydrolysis with 'formation of phosphoric acid and a hevorotatory 7'educing 
«ubstan(;p. 

The present paper embodies the results of further work on this substance, 
and also on the similar compounds obtained by fermenting fructose and 
manuose in place of glucose. No difference has been tletecte<l between the 
compounds obtained from these three sugars. 

Preparation of the Lead, Coinpouiuh — A solution of 0*6 molar di-sodium or 
[potassium hydrogen phosphate (K'aHPOi) was added to a mixture of yeast- 
juice and excess of glucose at 25°, in such an amount that rapid fermentation 
was set up. The quantity of phosphate which may be used varies with 
different juices, § and the necessary amount was determined in eacli case in 

♦ ‘Travaux de la Soci6t6 dea Naturalistes de 8t. Puterjslwurg,’ \ol. 34, IW. 

. + ‘ aieit physiol Chem,/ 1907, vol. 60, p. 281. 

t Young, < Chem, Soc. Froc./ 1907, vol StZ, p, 65. 
ibirdaa and Young, *Boy. Soc. Proc^ B> vol 80, p. 299, 
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a small sample by measuring the rate of evolution of carbon dioxide under- 
similar conditions. When the mte of fermentation had fallen, more 
phosphate was added, and the additions continued so long as this acceleration 
could bo produced. The fnixture was then Ijoiled, and filtered from the 
coagulate formed. 

In a typical experiment, a mixture of 440 c.c. of yeast-juice and' 
65 grammes of glucose was employed, and 440 c.c. of the potassium 
phosphate solution (37 grammes, KsHPO*) were added 80 c.c. at a time. 
When fructose is used in place of glucose, much mure phosphate may be 
added ; thus in one case a mixture of 495 c.c. of yeast-juice and 200 grammes 
of fructose was employed, and 1000 c.c. of the phosphate solution 
(104‘4 grammes KsHPO^) were added, 100 c.c. at a time. 

The liquid, after boiling and filtering, was always found to contain a little 
free phosphate, and this was removed by adding a solution of magnesium 
nitrate, making alkaline with potash, stirring well, and allowing to stand for 
a few hours. The filtered liquid was then neutralised with acetic acid, lead 
hexosephosphate precipitated by the addition of lead acetate, and washed’ 
repeatedly with water by means of a centrifugal machine, until the washings 
no longer reduced Fehling's solution. It was found tliat this precipitate 
invariably contained traces of some nitrogenous material, and it was there- 
fore suspended in water, decomposed with sulphuretted hydrogen, and the 
excess of this gas removed after filtering by passing a current of air through 
the solution. The liquid was then neutralised with potash and the lead salt 
reprecipitated with lead acetate, the process being repeated until tl^e preci- 
pitate, after washing, was free from nitrogen. Usually twp or three such^ 
precipitations were found sufficient. The salt was then filtered off and dried, 
first on a porous plate and then in a vacuum over sulphuric acid. «<lt was 
thus obtained as a white, amorphous powder, free from nitrt^n, which, ojn 
decomposing with sulphuretted hydrogen, yielded an acid solution containing- 
no free phosphate preoipitable by magnesium citrate mixture. 

The preparation of yeast sold under the name of “zymin,” which is 
obtained by treating pressed brewers’ yeast with acetone, may be used in 
place of yeasb-joioe for the preparation of hexosephosphate. In one 
experiment ID grammes of zymin, 10 grammes of glucose, and 100 c.o. of 
water were incubated at 25°, and 76 c.c. of a 0*8 molar solution of potassium 
phosphate added, 15 c.c. at a time. After rapid fermentation had ceased (he 
mixture was filtered without boiling, and the lead compound obtained from 
the filtrate as before. 

Lead compounds have been prepared from glucose, fructose, and maon.ose, 
and the analyses of several different preparations of these compomids are- 
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given in Table L Tlie mannose employed was obtained by the hydrolysis of 
ivory-nut, and was purified by being converted into the phenylhydrazone, 
which was recrystallised from water and decomposed with benzaldehyde. 

Table I. 


No. 

Origin of 

Weight 

COj. 

HjO. 

MfePjO,. 

PbSO.. 


Percetitages* 


compound. 

. 

taken. 

c. 

H. 

P, 

Pb. 


Oluoose . . . 

0 -6201 
0-8209 

0 *1870 

0-0777 

0 -1776 

0*6080 

9*69 

1*66 



7-88 

66 *34 

2 

it 

0’4745 
0*6998 i 

0 *1696 

0*0782 

0-1704 

0-4774 

9*76 

1*78 

7-92 

64*40 

8 i 

FruefcoBe ... 

0 *8040 j 

— 

— 

0-0890 

0-2484 

— 

— 

8*16 

66 *81 

4 ^ 

tf 

0*4608 1 

— 

1 — 

0-1837 

0-8649 

— 

— 

8-27 

56 *84 

5 

MannoHo . . . 

0*8614 ' 

— 

I 

0-1021 

0-2931 

— 

— 

7-87 

1 

66 *89 

1 



OeIIio 04 (P 04 pb )2 requires 



! 9 -60 

1 

1*33 

1 8-27 

66 *20 


Mexosepho^horic acid was obtained from tlie lead salt by suspending it in 
water, decomposing with sulphuretted hydrogen, and removing the excess of 
this gas from the filtered liquid by means of a current of air. An acid 
liquid was thus obtained which could be titrated with standard alkali, 
phenolpRthalein being used as indicator, in a similar manner to phosphoric 
acid. In Table II several examples are given in which the amount of 
hexosephosphorio acid was estimated both by titrating the solution with 
decinormal alkali, and by decomposing with nitric and sulphuric acids, 
precipitating with magnesium citrate mixture, and weighing as magnesium 
Pyrophosphate. The numbers all refer to 10 c.c. of the solutions. 

, Table II. 


• 

Origin. 

Titration* 
c.c. N/10. 

Mg,P»0,. 

Hflxosephotsphoric acid. 

From titration. 

From MgiPjO;. 

OltUMMC 

19 *8 

0*1086 

0*1688 

0*1664 


68*4 

0*8468 

0*6390 

0*6296 

* a * * , i . a • • - 

990 

0*6484 

0*8416 

0*8828 



9*6 

0*0617 

0*0816 

0*0792 

4 , f .ta# e H s i* e - 

89*2 

0 *1669 

0*2462 

0*2388 

3FiNi0tcMo 

88*7 

0*2124 

0*8290 

0 ‘8263 

Mannose 

82*6 1 

0*1602 

0*2771 

0*2761 




Whw the solution was evaporated on the water-bath a charred mass was 
left Which contained free phosphoric acid and had a strong odour of caramel, 
whilst «ven on evaporation under reduced pressure, or at ordinary tempera- 
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tures in a vacuum over sulphuric acid, decompositiou occurred and free 
phosphoric acid was formed. The solution was found to give Moblisch’s 
a-naphthol reaction. It reduced Fehling's solution only after some hours in 
the cold, rapidly on boiling : this reduction may be due to the hydrolysis of 
the compound with formation of a reducing he.vo8e. This is known to take 
place, as an alkaline solution of the sodium salt that had been left standing 
f(»r tw^o or three days at room temperature was found to contain free 
phosphate, and a tevorotatory substance which reduced Fehling's solution 
in the cold in a few minutes. The same change was brought about more 
rapidly when the solution was boiled. 

The acid was found to have a less reducing power when boiled with Pavy’s 
aminoniacal copper solution than corresponded to an equivalent quantity of 
glucose. Thus five preparations from glucose gave reductions of 0*754, 
0*788, 0*767, 0*732, and 0*800, an equivalent quantity of glucose being taken 
as 1. No oaazone could be obtained, os on heating with pheitylhydrazine 
acetate decomposition took j)lace, and phenylhydrazine phosphate was 
formed. Attempts were also made to prepare insoluble hydmzones or 
osazones with phenylhydrazine, methylphenylhydrazine, lienzylphenyl- 
hydrazine, parabrouiophenylhydrazine, and nitropheuylhydrazine, but in 
no case was any success attained. 

No differences could be detected between the acids obtained from'glucose, 
fructose, or mannose. They all yielded the same products on hydrolysis, 
formed salts having the same properties, and had approximately the same 
dextro-rotatory power. Table III gives the rotations of a number of 
preparations of these acids. ^ 

Table III. 


Ko. 


3 

4 

5 
0 

7 

8 
9 

10 

11 

12 

13 

14 
1$ 
16 


Origin. 


OIttcote 


Fructose . 


Hanuoftd . 


Tea«t-jiiic0 . 


1 

1 Grammcii per 
t 10 c.o. 

Observed rotation 
iu 4*diii. tube. 

Teuip. 

< 3 - 

+ 


+ t 

1 

0*079 

0 097 

o 

20 

8 07 

0'689 

0-671 

18 

8-11 

0-210 

0-864 

19 

8-70 

0-114 

0-161 

16 

3*63 

.1 0 088 

0-181 

18 

8 72 

.! 0178 

0-278 

16*6 

8-00 

1 0148 

0*179 

16 * 

8-02 

! 0-847 

0*833 

16 

8-88 

• : 0-629 

0-695 

16 ‘6 

8*28 

• 1 0-426 

0*680 

25 

8*20 

.1 0-847 

0 '816 

16 -6 

8*10 

■ j 0 -314 

0 -416 

18 

8*81 

0-143 

0 *181 

17 

8*18 

, 0 -162 

0*189 

19 

8*12 

0 -565 

0-926 

17 

4?17 

0 -068 

0 -074 

18 

8*80 
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All these adds were prepared from the lead salts with salphuretted 
hydrogen, excepting No. 13 which was obtained from the barium salt 1^ 
means of dilute sulphuric acid. No. 16 was obtained from yeast-juioe to 
which neither sugar nor phosphate had been added, whilst zymin was 
employed for the preparation of Nos. 6 and 11. 

It will be observed that the differences between the values for the acids 
derived £rom fructose and mannose are of the same order as the differences 
among the glucose preparations themselvea With so low a rotatory power 
a small experimental error or a trace of optically active impurity would 
cause an appreciable difference in the «d, and the differences seen in the 
table are probably due to these causes. The rotations of the barium salts of 
these acids, which are slightly soluble in cold water, were also determined, 
and were found to be approximately eciual. These are given in Table IV. 


Table IV. 


Origin. 

Grammes per 
10 c.c. 

Rotation in 

+ 

17“-5. 

+ 

Glucose 

0-0665 

0-085 

3*20 

Fructoie 

0-0692 

0-088 

3 18 

Mannose 

0-0656 

1 

0-082 

8-13 


Hydrolysis of the Add. 

(a) l^rdiwstion of Phosphoric Acid and a Lcevorotatory Redudng Subsiarux . — 
When the solutions of the acid were boiled, phosphoric acid was gradually 
set free, the reducing power to Pavy’s solution increased, and the solution 
became Isevorotatory. Table V shows the rate at which the first two 
of •these changes took place when a solution of hexosephosphoric acid 
prepared from glucose was boiled in a flask fitted with a reflux condenser. 

The phosphoric acid is expressed as grammes of magnesium pyrophosphate 


Table V. 


in houw. 

Free phosphate. 

Reduction. 

0 

0 

0-268 

2 

0-167 

0-297 

4 

0-238 

0*342 

7 

0*804 

0-871 

11 

0^865 


15 

O'401 

0 -373 

27 

0*407 

0*871 


tot* 2 Q 
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«uid the reduction as the number of grammes of glttoooe to wbioh it 
corresponded. The original solution contained 0*7167 gnunme of Uie add 
in 200 0 . 0 . (approximately 0*01 molar), oortespondmg wbdi completely 
hydrolysed to 0*511 gramme of magnesium pyrophoaphate, and equivalent 
to 0*414 gramme of glucose. Samples were taken out after the intervals 
etated, and the free phosphate estimated with magnesium citrate mixture 
nnd the reducing power with Pavy’s solution. 

The solution after about seven hours' boiling became very dark coloured, 
«ome of the reducing substance formed evidently being decomposed. 

The acids obtained from fructose and mannose behaved in a similar 
manner on boiling, in every case a Irevorotatory substance and phosphoric 
acid were fonued. The following Table VI gives a number of examples of 
this change in rotation on the hydrolysis, at 100°, of the compounds ptepar^ 
from all three sugars and, in one case. No. 6, of that obtained from yeast- 
juice to which nothing had been added. 


Table VI. 


No. 

Origin. 

Time of boiling, 
in hours* 

Rotation in 4-dm. tube. 

Before, 

After boiling. 

i: 

1 

Giucoso 

6 

V 

0*161 

tj 

0‘299 



11 


0*668 



i 14 

0^ 

0*668 

2 

» 

1 10 

0*766* 

S 

» ......... 

! 6 

0*648 

0*024 

4 

FrOotose 

10 

0‘416 

1*6X4 

5 

Mannose 

6 

0*280 

0*204 

6 

Yeast-juice 

i 

16 

0*074 

0-600 


As glucose is converted by alkalis into a Isevorotatory mixture* of 
glucose, mannose, and fructose, it was thought that the treatment with 
alkali in the separation of the free phosphate, during the preparation of the 
lead salt, might have altered the hexoeephospbate in such a manner as to 
account for the Isevorotatory sugar being obtained on hydrolysis. Prepara- 
tions of the lead salt were therefore made without removing the free 
phosphate, the solution being kept always slightly acid, but the method 
being otherwise the same as before. The bexosephosphoric acids bbtfdaed 
from these acid preparations were found to have i^proximstely the suae 
specific rotatory jwwer as the others. The strength of the solution used was 
estimated by detenoining the total phosphorus, and making allbwanee for 
the small quantity of free phoi^oric acid, which was preoipilaM ^ 
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,a quantity with magnesium citrate mixture. In Table 111, already 

given, JTob. 6, 6, 12, and 14 refer to acida prepared in this way, and it will be 
seen tlmt they cannot be distinguished from those which had undei^one the 
alkaline treatment. On hydrolysis, also, the same Isevorotatory solution 
was obtained as is shown in Table VII. 


Table VII. 



' 


llolntion in 

4-^dm. tube. 

No. 

Origin* 

in hours* 

Bofore. 

+ 

J^fter boiling. 

1 

Gliioofitt 

11 

O 

0*066 

0 

0*368 

2 

»» 

8 

0*131 

0*370 

3 


0 

0 -687 

1184 

4 

Fruotowi 

2 

0*817 

0*876 


If 

4 

jt 

0*674 


»> 

8 

it 

0*966 


ir 

8 

" 

1*212 


(b) Nature of the Jtedwitiff Snistawe , — To determine the itature of this 
reducing substance, the mixture from the hydrolysis of a preparation from 
glucose weis exactly neutralised to litmus with barium hydrate, and the 
precipitation of the barium salts of phosphoric and unchanged hexose- 
phosphoric acids completed by the addition of two volumes of absolute 
alooholi After filtration, the solution was evaporated at 35° to 40° under 
reduced pressure to a thick syrup. This was found to reduce Fehling’s 
solution in the cold, and to be Isevorotatory. It gave the i-ed coloration 
oharaoteristio of fructose when heated with resorcinol and hydrochloric acid 
4Seliwano£f). When this syrup was treated at 0° with milk of lime, an 
insoluble calcium compound similar to. calcium fructosate was tomed. This 
was filtered off, washed with water, suspended in water, and decomposed 
with carbon dioxide, and the filtered liquid treated with animal charcoal and 
evaporated under reduced pressure. 

The Dcfiourlees syrup thus obtained reduced an alkaline solution of copper 
l^yoooolate after 12 hours in the cold, a reaolaon which, according to Pieramts,* 
fa only given by fructose. It readily formed an osazbne when heated with 
phnurlhydrazine in the usual manner, and this, after recrystallisation, first 
then from a mixture of pyridine and water, melted at the 
temperature as gluoosazone, vis., 206°, whilst a mixture of this compound 

* ‘ Cfaem. Zentnd.,' 1908, voL 1, p. 1864 

2 Q 2 
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with glucosazone melted at 206® to 207®. The analyaia also corresponded to 
that of glucosazone — 

0*1222 giamme gave 16-2 c.c. nitrogen at 16®*4 and 774*3 mm* 

N = 15*76 per cent. 

Glucosazone, Ci 8 Ha:? 04 N 4 , requires N = 15*64 per cent* 

The fructose and mannose acids, when treated as above, yielded syrups 
having the same properties as that from the glucose acid ; in both cases 
glucosazone was obtained from them. 

All these syrups were found to induce rapid fermentation in a mixture of 
yeast-juice and glucose with such an excess of phosphate that fermentation 
was only proceeding at a> very slow rate, and this induction has been shown 
to be brought about by the addition of fructose, but not of glucose or 
mannose.^ 

Finally, the ratio of the rotation to the reducing power was obtained and 
was found to be approximately the same as that found for pure fructose. 
The reducing power was determined by means of Pavy*8 axnmoniacal copper 
solution and, as this was standardised, each time it was used, with a solution 
of pure glucose it has been found convenient to express the reduction per 
100 c.c. of solution by the number of grammes of glucose which would reduce 
the same amount of copper, and to compare the rotation of the solution in 

a 4-dm. tube with this number. In Table VIII, this ratio, ^ 

given for the hexoses obtained by means of milk of lime from the products of 
hydrolysis of the acids derived from all three sugars, and it will be seen that 
it agrees in every case fairly well with that found for pure fructose. 


Table VIII. 


Sugar #rom — 

— notation in 

4 dm. tube. 

Beduotion as glucose 
per 100 c.c. 

* 

Batio. 

GUuooae acid 

0 

1*806 

, 

0*612 

8*62 

Pruotose acid (1) 

0*962 

0*284 

' 8*88 

„ (2) 

0*616 

0*161 

8*41 

Mannose acid 

1*876 

0*441 

8*12 

Pure fructose (1) 1 

0*007 

0*161 

8*77 

w 1 

0 *829 

0*219 

8*79 


The solutions, after removal of the phosphate and hexosephosphatie and 
before the treatment with milk of lime, always possessed a greater reducing 

♦ Harden and Young, ‘Cbem. Soc. Proc./ 1908, voL S4, p. 116; <Boy. Soc. Proc^ 
B, 1909. 
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power than a solution of fructose having the same optical activity. The 
ratio of the rotation to the reduction was always lower than tliat for pure 
fructose, and varied from 1*36 to 2*78. This might be accounted for by the 
^ presence of glucose or mannose, and experiments were made to ascertain if 
these sugars were present; in no case, however, could either be detected. 
The insoluble hydrazone of mannose was not ol)tained with phenylhydrazine, 
nor wAs a hydrazone formed when the syrup was treated with methyl- 
phenylhydrazine in the manner described by Neuberg* for the separation of 
glucose or mannose from fructose. They were also examined for glucose by 
the method by which Lobry de Bruyu and van Ekensteinf detected glucose 
in the mixtures obtained by the action of alkalis on fructose or mannose. 
This consisted in removing most of the fructose by precipitating as calcium 
fructosato or by extracting successively with alcohol, ethyl acetate, ether, and 
acetone, and identifying glucose in tho residue either by converting into 
a-methyl glucoside by means of methyl alcoholic hydrochloric acid, or by 
oxidising with dilute nitric acid and precipitating the acid potassium salt of 
the saccharic acid formed. Neither of these compounds could be obtained 
from the syrups under examination. 

In order to ascertain whether these low ratios were due to the action of 
the phpsphoric acid on the fructose after it was set free, a mixture of these 
comjiounds in the same relative proportions as would be contained in 
hexosephosphoric acid was boiled for some hours, and the phosphoric acid 
then removed by means of barium hydrate and alcohol in a similar manner 
to that ^described for the hydrolysed acid. The results of two experiments 
^are given in Table IX, 

Table IX. 


'“vi — 

Time, in hours. 

« 

— Rotation in 4 dm. tube. 

Reduction per 100 e.c. 

Ratio. 

<1) 0 

r '424 

1*927 

8*87 

10 

3 '882 

1*082 

8*54 

16 

2 *680 

0‘79X 

8*26 

(2) 0 

0 711 

0*188 

3*78 

10 

4 *260 

1*276 

8*33 


In both these experiments the solutions became very dark coloured and 
a considerable quantity of fructose had been destroyed. It will be obseiwed 
that in both coses the ratio became less on boiling, but the lowest value 
obtained was much higher than the numbers found for the product from 
hexosephosphoric acid. It is possible that the fructose as it is being formed 

^ ‘Ben/ 1902, voi. 35, p, 069. 
t ‘Bee. Trav: Chim.,’ 1895, vol. 14, p. 156. 
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is much more susceptible to the action of phosphoric acid* On the other hand, 
these low ratios may be due to the presence of some other reducing substances 
liaving a less Isevorotatory power than fructose. 

Salts of ifexQsephospliorie Acid, 

In addition to the lead salt already described, several other salts have been 
prepared. Attempts to obtain the potassium and sodium salts were mkde by 
adding the hydrates to the acid solution until neutral to phenolpiitfialein, and 
evaporating the solution under reduce<i pressure. A sticky mass was left 
which would not crystallise, and which decomposed on keeping. 

Solutions of the alkali salts slowly decomposed on keeping, free phosphate 
being formed and the solution becoming laivorotatory. This decomposition 
causes a small error in the estimation of the free phosphate present in 
a mixture of this salt and hexosephosphate by means of mg^nesiuni citrate 
mixture. Many of the salts are more soluble in cold than in hot water ; 
thus, when m^uesium citrate is added to a solution of sodium hexose* 
phosphate, no precipitate is formed until the mixture is heated ; a white 
precipitate then comes down, which redissolves on cooling. The manganese, 
barium, and calcium salts behave in a similar manner. 

Silver Heoeosqdiosphate, OtjHio 04 (P 04 Ag 2 V — This salt was obtainird by 
neutralising the free acid with caustic soda, adding the calculated quantity of 
silver nitrate and then half the total volume of alcohol. The precipitate was 
filtered off, well washed with a mixture of water and alcohol, dehydrated 
with alcohol and ether, and dried over sulphuric acid in a vacuum, and it was 
thus obtained as a white amoi-phous powder. It was exceedingly unstable, 
and the whole preparation was carried out by red light. Even when dry the 
salt darkened on exposure to light, whilst when heated with water it^was at 
once reduced to metallic silver. ♦ 

The following analyses were carried out with different preparations of this 
salt; — 

Table X. 


Origin. 

Weight 

talcen. 

i-gCI. 

MgflPfiOy. 

Percentages. 

A*. 

P. 

0]ncoia (1) 

0-SS40 

0 1740 

O-OMi 

55 

7*07 

„ (2) 

0 -8976 

o-a9e9 

0-1057 

66-64 

7-40 

^VuctoM (1) 

0^8298 

0-S489 

0-0808 

68 -7* 

r-55 

« (S) 

0‘8S14 

0-8878 

0<0909 

56 '70 

7*87 


, 1 

60-24 

8*08 
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JSarium hcxosephosphate, 0#Hio04(P04Ka)a, was obtained by arlding a 
solution of barium chloride to a solution of potassium or sodium hexose- 
phospliate, and warming the mixture on the water bath. A granular white 
piwipitate was thus formed, which was found to be more soluble in cold 
than in hot water. This was purified by dissolving in cold water and 
reprecipitating by warming the solution. It was then filtered ofif, washed 
with warm water, and dried over sulphuric acid in a vacuum. At 17°’5 
100 c.c. of solution were found to contain 0 665, 0*692, and 0*656 gramme of 
the barium salts derived from glucose, fructose, and mannose r^pectively 
The following analyses were obtained for this salt : — 


Table XI. 


Origin. 

Weight 

taken. 

BaSO^. 

MgjPjO;. 

Percentages. 

Ba. 

r. 

Glucose (I) 

0 *2678 

0*1994 

0*0960 

45 *50 

10 *86 

.. (2) 

/ 0*6298 

0*4002 

— 

44*46 

— 

1 0*4317 


0 *1638 


9*92 

Fructose (1) i 

0*4009 

0 -3081 

0*1485 

45 *23 

10 *32 

„ (i) ! 

0 *6221 

0 *3988 

0*1902 

44*84 

10 *14 

Mannose 

a 

0 *4186 

0 *8179 

0 *1638 

44*70 

10 *22 

CflH|o 04 (l’ 04 Ba )3 requires 

44 *92 

10 *16 


Oalci%m Hexosephosphatc. — A calcium salt of the acid derivecl from glucose 
,wae obtainetl by adding calcium chloride to a solution of the sotlium salt, 
and completing the precipitation by adding alcohol When dried over 
sulphmfc acid in a vacuum it gave the following analysis : — 

• 0*3488 gramme gave 01968 gramme COj, 0*0917 gramme H^O, 

0*0890 gramme CaO, and 0*1778 gramme Mg2P30T. 

C = 16*81, H = *2'92, Ca = 18*24, P = 14*20 per cent. 

CgHio04(P04Ca)3 + H20 requires C = 16*59, H = 2*76, Ca = 18*41, 

P = 14*28 per cent. 

SovTCS of the Heomephospliate. — In order to show that this compound was 
formed from the added phosphate, two quantities of 50 c.c. of yeast-juice 
were incubated at 25°, one with 30 c.c. of a 30-per-oent solution of glucose 
and the other with 30 c.c. of a 0*3 molar solution of potasmum pho^hate 
containiog 30 per cent, glucose. After two hours both were boile<l and 
filtered, 80 c.c. of each filtrate were treated with the same quantity of 
magneeium nitrate and potash to remove any free phosphate and, after 



540 Mr. W. J. Young. HexoBephosphate fornied hy [July 30, 

standing for a few hours, the solutions w^ei’e filtered, neutralised with acetic 
acid and lead hexosephosphate precipitated with lead acetate, washed and 
dried over sulphuric acid in a vacuum. The mixture to which the phosphate 
had been added gave 6'03 grammes of lead salt, whilst the other only yielded 
1*35 grammes. This experiment also shows that yeast-juice itself contains 
a small quantity of hexosephosphate, and experiments have already been 
quoted to show that this compound has similar properties to that* formed 
when phosphate and sugar ai*o added. The same hexosephosphate was 
obtained by means of zymin in place of yeast- juice as already mentioned, 
and as in this case the mixture was not boiled before the precipitation of the 
lead salt, it follows that the salts of this acid were present in tl\e mixture as 
such, and were not formed from a more coini)lex body by the boiling, which 
was always necessary when yeast-juice was employed. A hexosephosphate 
has also been detected in the extract obtained by boiling pressed brewers* 
yestsl with water. 

Molecular Weight of Hexmaplmphmc AcuL — The analyses of the salts of 
this acid gave no information os to its molecular weight, since the same 
percentage composition would be obtained if the acid harl the formula 
CaH 603 (P 04 H 3 ) and not C^iHjoOifPO^laV Tlie first compound might be 
3xpected on hydrolysis to yield glyceraldehyde or dioxyacetone, aiyl these 
might polymerise to form hexoses; so that the fact that fructose was formed 
when the acid was liydrolysed does not do away with the possibility of the 
smaller formula. 

As no derivatives of the acid could be obtained, such as a hydrazqpe or an 
osazone, analysis of which would have settled the question, recourse was^ 
made to physical methods. The molecular weight of the acid was calculated 
from the difference between the freezing point of its solution and«'that of 
water, and was compared with that calculated by taking into consideratign 
the extent to which it was dissociated in solution as determined by the rate 
at which it hydrolysed cane sugar. The freezing points of three solutions of 
different cotxcentrations of the acid prepared from glucose was found by the 
ordinary method, the amount of acid in solution was estimated by titration 
and checked by the total phosphorus content, and the weight of water in the 
solution was obtained from the specific gravity. By way of comparison with 
a compound of known constitution and of a similar nature, corresponding 
determinations were carried out with a sample of synthetical glycero- 
phosphoric acid, which was purified by means of its lead salt in exactly the 
same manner as the hexosephosphoric acid. The results are given in 
Table XII, Noa 1, 2. and 3 being those obtained from the hexosephosphoric 
acid, and Nos. 4 and 5 from two concentrations of glyoerophosphorio acid, 
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Table XII. 


No. 

Normality. 

Orammes per 
100 e.o. 

Specific 

gravity. 

Weight of 
water. 

Depression. 

Molecular 

weight. 

1 

1 *75 

16 13 

1*076 

92 *87 

o 

1*747 

177 

2 

, 0 *99 

8*42 

1042 

95 *78 

0*982 

178 

8 

0 '55 

4*68 

1*022 

97 *62 

0*536 

169 *4 

4 

1‘66 

14 *21 

1*068 

92 *09 

2*168 

186 ‘6 

6 

0*97 

6*88 

1 *087 

96 *32 

1 *300 

127 *7 


The formula C8Hio()4(P04Ha)2 correspondw to a molecular weight of 340, 
and the smaller formula to 1 70, whilst glycerophosphoric acid, C3H702(P04H2), 
has a molecular weight of 172. Thus the value obtained, altliough low, was 
much greater than that found for glycerophosphoric acid, which only di fliers 
-in composition from the smaller formula by two hydrogen atoms. 

The cane-sugar hydrolysis was carried out at 25° with semi-nonnal acid, 
and the rate was compared with that found for semi-normal hydrochloric 
and glycerophosphoric acids under similar conditions. 

Table XIII gives the figures found for the hexosephosphoric acid and 
Table XIV those for the glycerophosphoric acid. Allowance has been made 
in the tables for the rotation due to the acids themselves. Solutions of the 
hexosephosphoric and glycerophosphoric acids of the same normality were 
^also kept by tlieinselves under similar conditions for the same time, atid no 
•alteration took place in their rotations. 


Table XITL — Hexosephosphoric Acid, 


• 

in minutes. 

Kotation. 

X. 

A.— a*. 

KxlO* 

0 

0 

+ 26 *88 

0 

84 *88 


80 

25*96 

0*88 

84*00 

8*700 

60 

24 *98 

1*86 

38 *08 

8*9-15 

90 

24*01 

.2*82 

32 *06 

4*069 

1 120 

88-12 

8-71 

31 -17 

4-070 

im 

82-06 

4*78 

80 ‘10 

4*001 

1 180 

21-44 

5*89 

29*47 

4*051 

* 210 

20-06 

6*17 

28 *71 

4 *026 

j 240 

19 -96 

6*88 

28 *00 

3*976 

: 810 

18 -17 

8*66 

26 *22 

3*999 

' 880 

17 -72 

9*11 

26 *77 

8*984 

860 

17-00 

9*77 

26 *11 

3*966 

800 

16-82 

10 *51 

24 *87 

3*998 

i V 420 

16 -70 

11 *18 

23 *76 

8*974 

a? 

-8-06 

1 

34*88 

MeaUt«« 

8-981 
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Table XIV. — Grjycerophosphoric Acid. 


I'ime, m minutes. 

Rotation. 

JT, 


KxlO*. 

0 

+ 26 ‘36 

0 

34 *41 


81 

25 ‘61 

0-85 

38-66 

8-608 

60 

24-79 

1-67 

82-84 

3-880 

90 

24-06 

2-80 

32 *11 

8-8^ 

130 

28-80 

3-06 

31 -86 

3-870 

160 

22 64 

8-72 

30 -eo 

3-812 

183 1 

21*86 

4-50 

29 -91 

3*844 

310 i 

21 *28 

6*18 

29-28 

3*389 

340 j 

20-54 

6-82 

28-59 

3-368 

270 1 

19 *89 

6*47 

27 *94 

3-360 

300 1 

19 *26 

7 ‘JO 

27 -81 

8-845 

880 

18 -64 

7*72 

26 -69 

3-848 

360 1 

18-01 j 

8-86 

26-05 

3*368 

00 1 

~8‘05 

34 -41 

Mean 

8-3S3 


Seiui-normal hydrochloric acid under the same conditions gave the constant 
K X 10* = 22*466. 

It follows from these rates that the ratio of hydrogen ions in the solution 
of hexosephosphoric acid to those in the hydrochloric acid was 3*981 to 
22*466 or 17*7 to 100, whilst in the case of glycerophosphoric acid the ratio* 
was 3*353 to 22*466 ss 14*9 to 100. As hydrochloric acid is almost cou^pletely 
dissociated, these numbers may be taken as a measure of the concentration of 
hydrogen ions in the solutions. Glycerophosphoric acid is dibasic and a 
solution which is semi-normal by titration will contain only half as many 
molecules as a semi-normal solution of hydrochloric acid, or 50 molehules for 
every 100 of hydrochloric acid. If the glycerophosphoric acid be assumed to» 
dissociate into two ions, then out of every 50 molecules 14*9 are dissociated 
into 14*9 X 2 =: 29*8 ions, and 50 — 14*9 = 35*1 molecules remain undissociated. 
The solution will thus contain 29*8 + 35*1 64*9 units, and the freezing poiftt 

50 

depression will correspond to a inolecwlar weight of x 172 s= 132‘5 ; those 

actually observed gave 135'5 and 127‘7. Similarly with the hexosephosphoric 
acid, if the larger formula obtain, the acid is tetrabaeic and a semi-normal 
solution will only contain one-quarter as many molecules as a semi-normal 
solution of hydrochloric acid, or 26 molecules to every 100 of hydrochloric 
acid. If the dissociation take place into two ions, of these 25 molecules 
17’7 are dissociated into 17'7 x 2 = 35*4 ions, 25— 17’7 * 7*3 molecules iemain> 
undissociated, and the total number of units will be 7’3-b35’4 » 42*7. The- 
molecular height of the add from the freezing point of this solution will be- 

= 199 ; tdrertJbserved values were 177, 178, and 169*4. 
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If, on the other hand, the compound have the smaller formula, with a 
molecular weight of 170, it will be a dibasic acid and the solution will 
contain 50 molecules to every 100 contained in a solution of hydrochloric 
acijf of similar normality. The niimber of dissociated molecules corresponding 
to the hydrogen ions present will be 17*7, yielding 17*7 x 2 =: 35*4 ions, 
50—17*7 — 32*3 will bo nndissociated, and the total number of units will 
35*4 -f 32*^ = 67*7. The molecular weight, as deduced from the freezing point, 

would therefore be 125*5. 

67*7 

The observed depression tlius corresponds more closely to that which would 
1)0 expected from the larger formula, although the agreement is not so good 
as that in the case of glycerophosphoric acid. This low result may be due to 
some hydrolysis in the solution, which would make the number of units still 
greater. If the hexosephosphoric acid had the smaller formula, it would bo 
expected to depress the freezing point at least to the same extent as glycoro- 
» phosphoric acid, since it only differs from this by two hydrogen atoms, and 
is slightly more dissociated in solution than this acid. These results thus 
point to the acid having the formula C 6 Hio 04 (P 04 H 2 ,)g. 

Further evidence against the acid being a derivative of glyceraldehyde is 
also afforded by the following facts: — When the acid was reduced with 
• sodium amalgam, no glycerol was obtained, as might have l>een expected if 
it were a compound of glyceraldehyde. When glycerophpsphoric acid was 
^heated with hydriodic acid in a current of carbon dioxitle, it whs reduced to 
isopropyl iodide, which was detected by passing into alcoholic silver nitrate in 
tl^e manner in which glycerol is estimated by the method of Zeisel and 
Fanto. On the other hand, hexosephosphoric acid gave no volatile iodide 
when treated in this manner. 

Gonditution of ffexosephosphoric Acid. — It has not yet been found possible 
to obtain any evidence with regard to the position of the phosphoric acid 
groups in the molecule. The facts that the compound does not reduce 
Fehling's solution in the cold until after a long time, and that no hydrazones 
or osazones could be obtained, render it possible that the acid does not contain 
an active carbonyl group, and it may be that this group is involved in the 
reaction with the phosphoric acid. 

piuoose, fructose, and mannose all appear to yield the same hexose- 
pbosphorio acid when fermented by yeast-juice in the presence of phosphate. 
One explanation of this is that these sugars are changed, before conversion 
into hexosephosphate, into some form common to all three. The only 
dijBisrenoes between glucose, fructose, and mannose are in the groups or 
sfttangement of the groups attached to the first two carbon atoms: 
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OHO 

CHO 

CHaOH 

HCOH 

OH-i-H 

Ao 

OHCH 

OH-dlH 

ohAh 

H C OH ' 

HCOH 

hAoh 

HCOH 

H-ioH 

hA'OH 

(^H,OH 

^HaOH 

Ah,oh 

Glucofte. 

Mannose. 

EVuctoae 

sugars have the same enolic form : 


CHO 

CHOH 

CHaOH 

( 

M 

1 

CHOH 

COH 

CO 

CHOH^ 

CHOH 

cIhoh 

CHOH~^ 

CHOH 

Ahoh 

CHOH 

CHOH 

Ahoh 

dlHsOH 

illaOH 

AhsOH 

Giuc<»se and mannose. Enolic form. 

Fructose. 


and are converted into one anotiier in alkaline aolution,* and it is conceivable 
that the hexosephosphate is a derivative of this enolic forin. 

If the reaction take place according to the equation : 

2C«Hi»0«+2R'sHr04 = 2tJ03+2C8HeO + C«H,oG4(P04R',)i,+2H,0, 

tvyo molecules of sugar are concerned, and another possibility is that tlje 
phosphoric acid groups are attached to a new molecule, which is fbrmed by 
the combination of portions of each of these two sugar molecules. In thft 
case, also, the hexosephosphoric acid might be expected to have ^the same 
composition when formed from different sugars. 

Summary. — 1. The compound formed during the accelerated fermen\a- 
tion of glucose, fructose, and mannose by yeast-juice, in the presence of 
a soluble phosphate, is a salt of an acid which probably has the formula 
GsHio 04 (P 04 Ha)s, and may be isolated by precipitation of its lead salt. 

2. The free acid may be obtained in solution by decomposing this lead 
salt with sulphuretted hydrogen. 

3. The acid is very unstable and I'eadily decomposes on keeping, or on 
evaporating even at ordinary temperatures in a vacuum over snlpburio acid, 
with formation of a reducing substance and phosphoric acid. 

4. It reduces Fehling’s solution only after some hours in the oold, rapuUy 
on boiling, whilst no osazones or hydrazones have been obtained from it. 

* Lobry de Bruyn, ‘ Beo. T»v, Ohim.,’ 1895, voL 14, p. 1»1. 
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5. No differences have been detected between the hexosephosphoric acids or 
their salts, whether derived from glucose, fructose, or mannose. 

6. On hydrolysis of the acid by boiling, phosphoric acid is set free and 
fructose fomed. No other hexose could be identified, but the solution, after 
hjlirolyais, was always less Ifcvorotatory than a solution of pure fructose of 
the same reducing power, 

7. The,8alt8 of lead, barium, silver, and calcium have beeix prepared. 

[The compound containing phosphorus, which was considered to be phenyl* 
hydrazine phosphate, has since been examined by von Lebedew (‘ Biochein. 
Zeits.,' 1909, voL*20, p. 113), who regards it as a phenyl hydrazido-phosphoric 
acid compound of hexosazone. A re-examination of this substance by the 
author leads to the conclusion that it is in reality a derivative of hexose- 
phosphoric acid, Init decisive results as to its constitution have not yet been 
obtained , — Novemher 15, 1909,] 


The Comparative Power of Alcohol^ Ethe7\ and Chloroform ai< 
meamred by their Action upon Isolated Muscle^ 

By AuciusTUs D. Waller, M.D., F.R.S. 

(Received and Bead Juno 24, 1909.) 

’ The object of the following communication is twofold : (1) to present the 
results of’*a careful comparison of the physiological effectiveness of certain 
Arcotios, and (2) to illustrate the degree of , accuracy of which such com- 
parisons ye susceptible by the systematic use of the sartorius muscle of the 
‘ frog as an indicator. 

Method . — The two sartorius muscles of a frog are dissected out and the 
portions of bone to which they are attached are ligatured with fine copper 
wires serving as conductors. The muscles are set up in the two vessels 
V, V and connected with two myogi^aphic levers that record their movements 
on two smoked plates L, R. The connections with the secondary coil of an 
induntorium (Berne model) are as given in the diagram, so that both muscles 
are traversed in series by the same current in the same direction. The 
mueoles are directly excited once every 10 seconds by maximal break 
induction shocks. Each observation consists of three parts; a first part 
conaMiting of the normal responses of the muscle immersed in normal saline 
(0*6 per 100 NaOl in tap water); a second part consisting of the responses 
Wihite the muscle is immersed in an experimental solution ; a third part 
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coasistiag of the reeponseg wliile the muscle is replaced in normal s^iline. 
The solutions are changed by being run off through a tap azkd run in from 
a pi{i6tt6» care being taken that the volume of fluid is always the same. 
The induction currents are kept going automatically throughout an experi- 
ment, excepting during the short periods required for changing the solution. 
The apparatus used for this purpose consists of; (1) a Berne coil fed by a 
2-volt accumulator ; (2) a Brodie clock with intenuptions set six per 
minute; and ^3) a relay key, that shown by G. R Mines at the July, 
1908, meeting of the Physiological Society. 

As a general rule of procedure in any comparison betwee^i the eflbcts upon 
two muscles L and K of two solutions A and B, a first comparison is made 
between the effects of A on L and of B on K, and a second comparison of 
the effects of B on L and of A on R. Each complete experiment thus 
comprises two pairs of simultaneous trials of two solutions in reversed order of 
action, and constitutes an erperimmUmi cmm in the strict m^nse of the term. 

Electrical excitation of the muscles while immersed in the experimental 
solutions — in spite of the fact that the induction currents are in large 
measure short-circuited by the solution— was systematically adopted in 
preference to excitation of the muscle after the solutions had been run off, 
because it affords a more complete picture of the gradual effects of such 
solutions. Currents of sufficient strength are taken to give maximal excita- 
tion in spite of the derivation. 



Double Myograph to test Action of Substances in Solution. 


The diameter of the muscle vessel was slightly less than 3 oim, so that 
30 ox, of fluid gave in it a column about 6 cm. long, more than 
keep the muscle wholly immersed. 
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The excitiug curreuts passed thtuugh the muscle and solutiou— principally 
riiroogh the former by reason of the copper wires by which it is attached- 
are taken of such strength as to give assuredly maximal efleots. Their 
direction is not a matter of indifference, tire contractions being always 
Bnequal to the two directions of excitation ; as a rule, but not always, the 
more effective direction was from tibial to pelvic end, and this was therefore 
taken the ordinary direction of exciting currents. But this is not a very 
essential point, all that is really necessary is to keep to one direction daring 
experiment. Unpolarisable electrodes aro also unnecessary, as, indeed, may 
be readily seen from the records obtained. The magnification of contraction 
by the lever was x 2. 

(From October 9 onwards I used narrower muscle tubes, in order to use 
up less fluid for each bath, and to have a greater density of currout pflaain^r 
through the immersed muscle.) 

Alterations of current distributiojj caused by alterations of resistance of 
the experimental fluids ; the oligodynamic action attributable to the use of 
copper wire ; small differences of room temperature ; the possible excitation 
of intramuscular nerve as well as of the muscle itself, are Urn principal 
circumstances that have been considered and recognised to be negligihlo hi 
the present connection. On the other hand, every cai-e has been taken to 
secure Constant strength of stimulation and constant pressure of the 
myographic levers against the recording surfaces, which are moved past 
the levers in tandem by the same clockwork. The influence of considerable 
differences of temperature was specially examined (vide ivfra). 

By preliminary experiments it was found that conveniently graded effects 
\ipon muscular excitability were produced by a 5 per 100 solution of alcohol, 
by a 1 per 100 solution of ether, and by a 1 per 1000 solution of chloroform 
(by volume in each case). Those strengths are of the order of molecular 
(ff*8 C.C. per 100) in the case of alcohol, decimolecular (1'03 per 100) in that 
of ether, and cenfcimolecular (0'8 per 1000) in that of chloroform. 

. Thereafter solutions were made up on a molecular scale, taking as the 
standard of reference a molecular solution of absolute alcohol, and as the 
first, terms of comparison a docimolecular solution of ether and a ceuti- 
molecular solution of chloroform as tabulated below. 


• 

Sp. gr. 

Mol. wt. 

o.c. por 100 c.c. saline 
to give moleoulnr soltUions. 

■ ! 

0*79 

46 

6*8 

IGitiber ! 

0-72 

74 

10*3 


X-60 

119*6 

7*96 

€iiik»6iorm j 
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Comparisons were systematically made (1) between alcohol and chloro- 
form ; (2) between alcohol and ether ; and (3) between ether and chloroform. 
Such comparisons were, whenever possible, made upon the same muscler 
preliminary experiments having shown that two or more successive intoxica- 
tions, if not too profound, by the same strength of solution, are of eqi£l 
gravity. 

The principal indication of the comparative effects of reagents consists in 
the rate at which the contractility is abolished in solutions (in 0’6 per cent. 
NaCl in tap water) of various strengths. The rate and amount of return of 
contractility in 0'6 per cent. NaCl affords confirmatory evidence, of which, 
however, we have not made systematic use, having done no more than note 
the facts: (1) that at equal times of immersion the time required for 
recovery augments with augmented strength of solution, and (2) that at equal 
strengths of solution the time required for recovery augments with 
augmented time of immersion. 

Comparisons may be established between : the efiects of two solutions upon 
the same muscle successively ; or lietween the effects of two sohitious upon 
two muscles simultaneously; and each kind of comparison has its own 
obvious advantage and disadvantage. By the method we have adopted of 
simultaneously recording the contractions of two muscles in series, we secure 
the advantage of both plans, and minimise the disadvantage of suooessive 
comparison by reversing the solutions on the two muscles. Other obvious 
advantages of the double method are that we get double the number of 
observations, and that we can readily tell whether an accidental irregularity 
is due to the stimulus or to the muscle or to the solutiou. 

We may also compare the effects of different solutions upon different 
muscles, but in such comparisons from muscle to muscle we must take care 
that the conditions of observation are, as far as possible, identical. We may 
not, t.g., compare fresh with stale muscle, nor muscles of greatly unequal bu&, 
nor muscles taken from healthy and unhealthy frogs, nor results obtained at 
different temperatures. Nevertheless, comparisons of this order are practi- 
cally available, for under similar conditions the results of experiment with a 
given solution are closely similar upon different muscles ; the “idiosynorasies” 
of different muscles are not a very disturbing factor, although, as might be 
expected, effects are more rapidly produced with very small than with very 
large muscles. 

The two chief fallacies in their order of importance are : (1) a variatioD in 
length of the column of fluid, and (2) a considerable variation of temperatoie. 

As regards the column of fluid, it is evident that this must be kept of 
constant length daring an observation, since the fluid forms a derivation circuit 
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surroundixig the muscle, which is traversed by only a small fraction of current. 
The effect of varying the length of column is easily shown by adding or 
taking away fluid while a series of contractions is in progress. I have, there- 
fore, always been careful to replace fluids by pipette as exactly as possible. If, 
^ has sometimes happened, the difference of excitability and contraction in 
two muscles has boon grossly unequal — even more so than in the case of the 
pair of muscles used for the record of fig. 1 — I have thought it permisaible to 
adjust the tubes in their holders upwards or downwards so as to alter the 
current lines in suitable degree. But once fixed in position, the tubes must 
not be shifted again ; the level of fluid must be kept unaltered throughout 
experiment. 

Differences of resistance between different fluids are in most cases of little 
moment, e,g, a cubic centimetre of chloroform does not increase the resistance 
of a litre of saline enough to influence the exciting current traversing the 
muscle. In some cases, however, differences of resistance may be such as to 
affect the current distribution and the response of the muscle, a 10-per-> 
cent, solution of alcohol in saline has an appreciably higher resisUnoe than 
saline alone. 

It may be objected to the method that excitation is not restricted to the 
muscul^ substance, but includes intramuscular nerve tissues. I'o meet this 
^ objection I compared the effects on fully curarised and on uncurarisod muscle, 
and found that they were indistinguishable. This fact, however, is of little 
weight, inasmuch as immersion in normal saline i^ of itself sufficient to 
remove ^e effect of curarisation. But, on. reflection, the objection itself is 
of little weight. As is well known, the diinct excitability of muscle outlasts 
ifca indirect excitability vid nerve; loss of all contractility is of necessity 
loss of direct excitability, and whatever might be said as to the beginning of 
observation, there cun ho no doubt that at its end we are dealing with 
muscle and muscle only ; even at the beginning of an observation, since we 
are using a strength of current more than sufficient to excite muscle as well 
as nerve, the contraction must be by direct muscular excitation; and even if 
it* were not, if it were by indirect excitation at the l)egianing, the com- 
parative results of, e,g, the action of other and chloroform, would remain 
/acquired. To use as a test object excitation of the nerve of a nerve muscle 
preparation would, of course, be a different method, by which the tissue 
specially under investigation would be the end-plate. To use as an index the 
miklkiial strength of stimulation giving contraction would again be a different 
by which at first indirect and later direct excitability would be 
ihffii^igatod. I have avoided both these proceedings, and have preferred to 
Icitew the method described because it is more practicable and less ambiguous 
VOt. 2 B 



Left Sartorins. Eiglit Sartorias. 



D. Waller. C(mpcvr(xtive Power of [June 24, 


|l|' 

*a s 

td w f 

8 'S * 
.2 J 

§ is* 

i 

.§•8 S ' 
*8 g.^ 

^ ia ® 

111 

m 

SD 

o‘§l 

1 

^3 r « 

o d -r 

d S § 

d i 

- |« 
t 

PJ 

Ik S 

d S ^ 

*8 S^fg 


111 

1 . 2.9 

tm 


g I 8 
gll 

I'St 

C p 'S 


i § K 

ill 

ILi 

S' i 

si 5 
SJ-* 

l^l 

a 2 ^ 

is -9 

•s .3 .i 


5ll 
d g-9. 
® — jf 

US'S 


.1 
i Vi 

1:i*l 
5 J *8 

® •(%* 4>» *3 

•a * 




IS s 

• Tia 

s « 2 

?’sl 


1®“! 

? « 8 


l|l 

i;l* 



1909»] AlcohxA^ Ether^ and Chloroform^ etc. 551 

iu its results. I felt justified in making this choice by the results of experi- 
ments made many years ago on direct and indirect excitability, and on the 
junction between nerve and muscle.* 



1 1 I « . i 1 J -l- -i A t 1. . , . . . . 

Fjo. % — Auguiat 21, lOOB. Effect of Ether Solution at Strengths of 0*1, 0*15 and 0*2 ni, 
(s= 1, 1'6 and 2 per cent, by volume). 



I 1—1. 1 i 1 i I t I 1 I _1 1 ill I | _ I t .L A I . i I . I . 

Fl6. 3. — August 20, 1908. CompariBou between the Effects of Chloroform in 1/1000 and 
1/2000 dilution iu normal saline (« m/SO and m/160) and of Ether in 1/100 dilution 

In chloroform 1/1000 contractility is abolished in 5 minutes. 

„ 1/2000 „ „ 12 „ 


Experiments and Observations relating to the Process of Fatigue and Kecovery,*' 
Fimt Report, * British Medical Journal,' July, 1885 j Second Report, ‘British Medical 
July, 1886. In the present connection the prinoiiml conclusion of tho investi- 
gtiicm. (csarried out during my tenure of a research scholarship to the British Medical 
Awioo^tion) was to the effect that the junction between nerve and muscle is functionally 
a link in the neuro-muscular chain, being the first to suffer in its transmitting 
in fatigue (by indirect excitation) in intoxications (“curarisatiou ”) and in 
degeneration. 
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Minutoff. 


0h>6 

In nonnal saline . . . - 

6 to 10 

In alcoliol, } mol, f 
solution, coutraiv J 
tilit} lost in 4 ] 
minutes. t 

10 to 19 

In nonnal saline 

19 to 24 

In chloroform, f 

f»/100 solution,! 
contractility lost] 
in 3 minutes. {, 


Left. 


I, Alcohol V. Chlorqfoi^, 
Kighfc. 


24 to 34 In normal saline 


1 “ 


normal salino. 


}i. 

} In chloroform, w/lC 
sol w^ion, eontractilii 
lost in luitmtes. 


In nonnal saline. 


} 


In alcohol, 1 mol. solu- 
tion, contractility lost 
in 3 minutes. 


I- In normal saline. 


(Continuation of record not reproduced.) 


85 to 40 In alcohol, I mol. solution, contractility lost 
in 5 minutes, 

40 to 60 In normal saline 

60 to 66 In chloroform, m/100 solution, contractility 
lost in 4 minutes. 

56 to 70 In normal saline 

70 to 73 In ether, mol. solution, contractility 
lost in 1 minute. 

78 to 83 In normal saline 

88 to 88 In alcohol, 1 mol. solution, contractility lost 
in 5 minutes. 


solution, contractility 

a 


Jn chloroform, m/100 
lost in 5 minutes. 

In nonnal wvline. 

In chloroform, w/100 solut^n, oontrnotility 
lost in 8i minutes. 

In normal saline. 

In chloroform, 0 *02 mol. solution coritraotility 
lost in 14 minutes. 

In normal saline. — 

In alcohol, 1 mol. solution, contractility lost ni 
5 minutes. 


Fto, 4, — August 22, 1908. Simultaneous Record of Left and Right Sartoriua Muselea. 
Comparative Effects of Ethyl Alcohol (molecular solution in normal saline, 8‘B c*c, 
per 100) an<l of Chloroform (eentimolecular solution in normal saline, 0*08 c.c. per 
100). Temperattire === SO'’. In the continuation of this ex^jeriment, compariiKma 
were made with 0*2 m. ether and 0*02 m. chloroform (not reproduced). 

It appears from this experiment that chloroform of eentimolecular streagei 
is slightly more effective than alcohol of molecular strengtL 
From a further experiment made with chloroform at 0*009 m. as 
with alcohol of standard strength, it is found that at this strength ohlorolfiSim 
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w considerably less effective. The physiological equality of chloroform with 
our alcohol standard is Iwtweeu 0*010 and 0*009 m., nearer to the former 
than to the latter value; we have therefore taken as a sufficiently close 
approximation that 

TirtC = lA or 100 A = 1C. 



Minutes. 


to 40 In normal saJiue 


60 to 41 In ttleoltol, 1 snul. | 
Holution, ootifewc'J 
tility loifc iu 6 
minutes. 


{ 


41 to 49 In valine . 


^49 to 66 In cbloyofona, ()‘{K)9 
mol. volution, con- 
tractility lost in 
^ 6 minutes. 


$6 to 66 In saline . 


Fiu. 5. 

Left. Hi gilt. 




► In normal ettline. 


J n orof orrn , 0'tX)9 

mol. solution, tKin- 
r triifitiUty lost in 
I 4i m’mufcev. 


sin aaline. 


In aJcoiioi, 1 mol. 
volution, oontmc- 
tility lost in 61 
minutes. 


\ In ealine. 


(Continuation of m*ord not reprodiacod.) 

MtoM In*^»toformro*<^ aloohoi, I mo!, fioiution, oontractiUty 

contractility lost in 6 minutev. lt)«t in 

tiUty lojit in 6 minuiea. traotiUty lost m 6 minutes. 

lijg, 5,— .AiiffttUt SS, 1908, Simultaneous Keoordof Left and Right Sai-torius Muscles. 
Effects of Ethyl Alcohol, 1 m. solution, and of Chloroform, 0*009 m. solution. 
Tenqieratyre w k0°. 
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This relation is not confined to this particular strength. In an experiment 
with 2 m. alcohol and 0*02 m. chloroform, the two reagents produced 
substantially equal effects (October 6). 

II. Alcohol V. Ether. 

Similar considerations apply^ to the estimation of the relative physiological 
efficiency of alcohol and ether. 

As compared with a molecular solution of ethyl alcohol it was found — 

That a 0*1 mol. solution of other was too weak, 

„ 0*2 „ „ too strong, 

„ 0*16 „ „ slightly too strong, 

and that the closest approximation to equality of effects was obtained 
with 0*13 and 0*12 mol. solutions, from which it is concluded that 
molecule for molecule ether is between seven and eight times as powerful 
as alcohol. 


HI. Chloroform v. Ether. 

Similar considerations apply to the estimation of the relative physiological 
efficiency of chloroform and ether. 

We commenced by comparing the effects of a l^i^er-oent (by volume) 
solution of ether and a 1-por-lOOO solution of chloroform, these two strengths 
being respectively equal to 0*1 m. and 0*012 m. - The ether solution proved to 
be considerably the weaker of the two. " ^ 

For the next trial we took double the strength of ether, viz., 2 per 100 or 
0*2 m., and found that at this strength the ether solution was considerably 
stronger than a chloroform solution of 0*8 per 1000 (= 0*01 m.), In^a 
further comparison between ether, 0*15 m., and chloroform, 0*01 m., the 
former was still considerably the stronger, and from further trial of 0*13 m. 
and of 0*12 m. ether we finally determined as nearest to physiological 
equivalence ; 

O’Ol chloroform » 0*12 ether. 
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Minutes. 

0 to 6 In saline . 

5 to 12 In ether . 


Alcohol, Ether, and Chloroform, etc. 


Left, 


12 to 20 In saline . 


20 to 26 In chloroform 


■{ 


26 to 34 In saline J 


t 


Eight. 


Hi 
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^ lu saline. 




chloroform. 


Y In saline. 




ether. 


^In saline. 


(Continuation of record not reproduced.) 

40 to 45 In saline In saline. 

46 to 62 In chloroform, contractility lost in In ether, contractility lost in 6 minutes. 

4^ minutes. 

62 to 61 I In saline In saline. 

61 to 68 In other, contractility lost in 4 In ohlorofonn, contractility lost in 7 

minutes. minutes. 

Fia. 7. — August 26, 1908. Simultaneous Eecord of the Etlecta of Chloroform, 0‘01 m., 

^ and of Etbor, 012 m., on Two Saitorius Muscles. 


* The general conclusion from the foregoing experiments is given in the 
following tabular summary : — 


Physiological Equivalence. 


1 

( 

By moleculcsi, 

By weight. 

By volume. 

Alcohol 

100 

100 

100 

Ether 

12 

. 19 8 

21*8 

Chloroform 

1 

2*6 

1 *4 


Jr*e. 1 itimoleoule chloroform **12 molecules ether *■ 100 molecules alcohol, /.e. a chloroform 
inoleoul^ ii 12 tii»M as powerful as a molecule of ether and 100 times as powerful as a moleeule 
ah^hol 

[By weight approximately, 1 gramme of chloroform -• 8 grammes of ether «* 40 grammes of 
^ Yolume approximately, 1 o.o. of chloroform «• 16 o.o. of ether * 76 o.o. of alcohol.] 
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Injlmnce of Teno^peraiure upon the JtcUe of Intoxication. 

In my eai'lier experiments upon the rate of intoxication of muscle by 
alcohol, ether, and chloroform, I paid no particular attention to the tempera- 
ture beyond noting that -the ordinary room temperature during tho^ 
experiments was comparatively steady at 19^ to 21^. But as the degree of 
precision of which the method was susceptible became apparent, I undertook 
to examine the quantitative effect of the temperature factor. 

The first experiment in this direction (August 18) was made with a 
6-per-cent, solution of ethyl alcohol for the purpose of testing the influence 
of temperature upon the velocity of the reaction between alcohol and muscle 
upon which the abolition of contractility depends. At 19^ muscular con- 
tractility was abolished in 7 minutes; at 30° muscular contractility was 
abolished in 2^ minutes ; the velocity of reaction in this case was augmented 
in very similar degree to the augmentations with raised temperature observed 
in the saponification of ethyl acetate and in cases of vegetable activity.* 
In these cases it has been observed that the velocity is increased between 
twice and thrice witli a rise of 10°; in the case of alcohol and muscle the 
reaction was accelerated nearly thi-eefold by a rise of temperature of 11°, 

Similar results were obtained as regards the effect of raised temperature 
upon velocity of reaction in the case of chloroform and in that of ethei. 

In the experiment of August 25, the times of abolition of contractility by 
a 0‘02 mol. solution of chloroform (1*6 c.c, per 1000) were — 

At 19° 2 min. and 2^ min. 

28° ...... 0 min. 45 sec. „ 1^ „ * 

In the experiment of August 27 (fig. 8) the times of abolition of oon- 
tractility by a 0'16 mol. solution of ether (1*6 c.c. per 100) were — 

At 20° 4 min. and 4^ min. 

28° H „ „ li „ 



Fia. 8.— August 27, 1008. Effect of Ether Solution, 0*15 m., on a SartoHus Muscle a|t 

SO^ndat 28 ^ 

. * Cohen, * Beitrttge Uber Phjsikalische Chemie/ 1001, pp. 37, 43^ and r; 
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In an experiment of August 28, in whicb the times of abolition by a 
OOl mol. solution of chloroform (0’8 o.c. per 1000 c.o. saline) were 
taken by stop-watch, the numbers were noted as 4 minutes at 20°, 2 minutes 
at 30°, 11 minutes at 37°. 

[Note {added September 1). — In a report recently presented to Section I of 
the British Association at Winnipeg, I have brought forward evidence to 
show that effects of the two anaesthetics, chlorofonn and ether, are simply 
additive, ic, the sum of their individual effects. 

Taking, e.g,y a mixture composed of (1 gramme chloroform 4- 8 grammes 
ether) per 1000 c.c. saline, I find that the solution is twice as powerful 
as a solution of 1 gramme CHCls per 1000, or 8 grammes EtaO per 1000. 

Taking, as a point of departure, that 1 o.c. CHCU is physiologically 
equivalent to 15 c.c. EtaO, I find that the saline solution of a mixture 
composed of equal volujnes of chloroform and ether is approximately half 
as powerful (actually rather more than half) as the saline solution of a 
volume of chloroform equal to that of the volume of mixture in solution. 

Assuming, as before, that 1 c.c. CHCljj 15 c.c. EtaO, I calculate that the 
physiological power of a mixture used in clinical medicine composed of two 
volume^ CHCls and three volumes Et 20 is 0*27 as compared with the power 
of chloroform taken = 1-00. 

Similarly, that the theoretical value of the well-known A.C.E mixture 
(one volume alcohol 4* two volumes chloroform + three volumes ether) referred 
to the same standard is 0*23. 

^ To put these estimates to the test of experiment, a careful comparison was 

made of three freshly-prepared solutions, containing respectively — 

* 

* * (1) 2’6 c.o. per 1000 of the mixture (2C + 3E). 

• (2) 1 O.C. per 1000 of chloroform alone. 

(8) 2‘o O.C. per 1000 of the mixture (lA-t- 2C + 3E). 

In correspondence with the fact that, the theoretical equivalent amount, 
ia the case of the first solution = 2’3 o.c., and in that of the second solution 
• 2’7 o.c. (as compared with 1 c.o. in the second or standard solution), it was 
found that the effect of tlie first solution came out slightly above that of the 
etaiidard solution, while that of the third solution came out slightly below 
that of the standard.] 

Veley has been kind enough to give me the following calcula- 
which it appears that we are really dealing with an alteration of 

■.S»aot)!Oa;;flrelocity : — 
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At a temperature of 20° a time 4 min. was required for the ahplition of 

contractility. 

» 30° „ 2 „ „ „ „ 

„ 37.° 1-25 „ 


Hence at the end of each niinute, 


in Case (I) 
« ( 11 ) 
„ (III) 


0'25 unit change took place -t Beferring to nnity, 
0'5 „ „ L ratio of numbers 

0-6 J = 1 : 2 : 3 4 


By Esson’s formula,* (ki—k) = m log(Ti— t). 


log 2 = 3010 
logl 

3010 

log 273 + 30 = 4814 
log 273 + 20 = 4669 


log 3-4 = 6051 


5051 

log 273 + 37 = 4914 
log 273 + 20 = 4669 


3010 

0145 


= 20-8. 


0145 

5051 


245 


20 - 6 . 


0245 

Mean, 20'7. 


Hence 0 0145 x 20-7 = 0-3002 = 1*99 calc., 2-00 found. 

0-0245 X 20-7 = 0-5072 = 3-22 „ 3-20 „ 

The graph of log k' Ik in terms of logr/r is a straight line and is the most ’ 
convenient form of representation. 


* ‘ Phil. Tnwi./ A, 1896, vol. 180, p. 861. ? 
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Studies on the Structure and Affinities of Cretaceous Plants, 

By Makik C. Stopks, Ph,D., I).Sc.* F.LS,, Lecturer in Palaeobotany, 
Manchester University, and K. FuJir, Ph.D,, Assistant Professor of# 
Botany, Imperial University, Tokio. 

{Communicated by Dn D. H. Scott. F.R,S. Received May 13.— Read 

May 27, 1909.) 

(Abstract) 

The authors comment on the importance of the work done on the flora of 
the Palfcozoic period, and the botanical interest that would attach to similar 
petrifactions of plants from all ages of the Mesozoic period. They have had 
the good fortune to find excellently preserved material from the Cretaceous 
of Northern Japan. 

In the present paper they describe 18 plants from this material, which is 
extraordinarily rich. As hitherto there has been very little known from 
anatomical material of plants of this age, the present paper is by no means 
final, but is in the nature of a pioneer chart of the ground. 

The j)etrifaction of the cells of the plants is often extremely good, tlmugh 
the fragments are not so complete as could be desired. The plant structures 
include stems, roots, leaves, cones, fern sporangia, and even an Angiospermic 
flower, the first petrifaction of a flower to be described. The cUhris lie 
together in the nodules in much the same way that the dSris lie in the 
Coal-balls of the Palteozoic, though th^y are mixed with fragments of shells. 
*The latter are largely Ammonites and serve to determine the age of the 
petrifactions. 

The flora as a whole represents an interesting mixed flora such as has not 
hStMerto come to light among petrifactions. 

Roughly speaking, the flora seems to have consisted of about one-third 
Angiosperma, slightly more than one-tjurd Cymnosperms, and the rest of 
fetna and lower plants. The anatomy of the early Angiosperms being such 
a desideratum in botany, their presence in the petrifactions renders them 
doubly interesting, and particularly when they are found in so evenly balanced 
a mixed flora* 

All the specimens described in this paper were cut in Tokio in the botanical 
d^rtment by the authors. ^ 

^ plants described are as follows; — 

yajwttica, gen. et spec. nov. A fungus which has numerous 
miorosolerotia, in the periderm of one of the Angiosperms, Saumropsis, 
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Schimopteris Tandeii, gen. et spec. nov. The sorus and sporangia of a 
Schizseacoous fern. 

Fasdodeloptma mesozoica, gen. et spec. nov. The stem and petiole of a 
fem with a dicfcyostelic anatomy. Probably allied to the Dicksmiacm. 

Fem TootletSy in excellent state of preservation, showing the diarch stele of 
the leptosporangiate ferns. 

Zamurphyllum cordaitiforme, gen. et spec. nov. The leaf of what appears 
to be some plant of CJycadean affinity, the anatomy bearing con- 
siderable resemblance to that of Cordaitu. 

Yezonia vulgari% gen. et spec. nov. A Gymnosperm, of which stems, 
unthickened twigs, leafy axes, are all very plentiful. It is the 
commonest plant in the material, and at the same time the most 
unique. In the anatomy of both main axis and foliage it is not like 
any known type. 

YezoHtrohus Oliveri% gen, et spec. nov. The fructification of a Gymnosperm, 
the cone bearing simple scales with seeds, one on each, which Eire 
like those of Cycads in some respects, but have a nucelius standing up 
entirely free from the integument with a well marked epidermis 
between. 

* 

Though oontliiuity is Iticking between these two plants, there seems 
considerable ground for suspecting them of belonging to the same plant from 
anatomical points, of likeness. 

Araucarioxylon tankoenm, spec. nov. Secondary wood, showing repiarkably 
clear pittings in the transverse 'Actions. ' \ 

Cedroxylon McUmmurii, spec. nov. Well preserved secondary wood. 

Cedroxylon Yendoii, spec. nov. Secondary wood, with traumatic resia 
canals. 

i|l' 

Cvmmnghamimtrolms yubariewtis, gen. et spec. nov. A cone, as its name 
implies, belonging to the family of the Cunninghamias, with its 
external appearance partly preserved and the cone scales and axis 
fairly well petrified. The seeds have apparently been scattered. 

Cryptomeru^uis antiqua, gen. et spec. nov. Stem with leaves attached, the 
foliage very like that of a Crypiomeria. 

Saiiruropais nipownm, gen. et spec. nov. The stem and attached roots of 
an Angiosperm, probably to be included ih the Saururaceca 
* Jugloxylon ffamaoanum, gen. et spec, nov. The secondary wood of si 
Angiosperm. 

Poputoeavlu yreomeie, gen, et spec. nov. The stems of an Angiiopq[>eaii, 
with cortical tissue. 
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Fagoocylon ftokkaidense^ gen. et spec* nov. The secondary wood of an 
Angiosperm. 

Sahiocaalis Salcurii, gen. et spec. nov. Minute stems, and older twigs of 
an Angiosperm, with cortex, and well preserved and characteristic 

* anatomy* 

Crdovm'ium japonimm, gen. et spec. nov. The flower of an Angiosperm, of 
which there are several specimens. 

Of this list of plants, the commonest, ix, those which have yielded the 
greatest number of specimens in the course of the work, are Yezoniay 
Sahioca'idUi and Creiovarium, It is noteworthy that these are among the 
most unusual and the most interesting of the plants. 

The authors acknowledge much assistance in the work from the Koyal 
Society Government Grant Committee, which made it possible for one of 
them (M. C. S.) to attempt the work ; and from the various departments of 
the Imperial Ghjvernmcnt of Japan in the course of collecting and preparing 
the material. 
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DAVID JAMES HAMILTON, 1849—1909. 


Al>tB}K protracted illness, the death of Prof, David James Hamilton, M.B., 
LLD., F.RS.E., F.RC.S.E., took place at his residence in Aberdeen ou 

February^ 19, 1909. 

The subject of this memoir was born sixty years ago at Falkirk. He 
received his medical education at Edinburg!) iTniversity, froin which he 
graduated as M.B. in 1878. He suh8e<[uontly htdd several clinical appoint- 
ments ; two in Edinburgh, where lie acteil as House Surgeon in the Royal 
Infirmary, then as Resident in the Chalmers Hospital ; a third in Liverpool, 
where he held a Resident Surgeoncy in the Northern Hospital. Kvcn at this 
early period of his career he was strongly attracted towards pathological 
problems, for the study of which lus thorough acquaintance with the 
physiology of that period formed an all-iinportaut basis. This predilection 
for a branch of medical 8cienc(i at that time much neglected, whs hapjaly 
confirmed when the Triennial Astley Cooper Brize was awarded liim for 
a thesis dealing with “The Diseases and Injuries of the Spinal Cord,” in 
which the result of much careful observation and r(3scarcdi was ernboditid. 

This mark of appreciation effectually determined Hamilton’s path in life, 
and in order to acquaint himself more thoroughly with tlic thouglit and 
technique of other schools, he proceeded to the Continent, visiting Strassburg, 
Munich, Vienna, and Baris in succession. Aftei* thus spending two years in 
oloao contact with the leading European imthologists of the time, he letunied 
home in 1875 on Ids appointment as Assistant to the late Prof. Sanders in 
Edinburgh University. Somewhat later he became pathologist to the Royal 
Jtnfirmary, a post which furnished him with ample facilities for the prusecution 
of observation and research. At this time he organised a course on nnu’bid 
histology, which was lai^ely attended, mainly by young graduates, wlio were 
not slow in recognising the vigour, resource, and thoroughness of their l-t^acher. 

*An even wider opportunity for studying tlie most effective methods of class 
tostrnction presented itself in the winter of 1880-1, wlien, owing to the 
lU-health of Prof, Sanders, neoesmtating the appoiritiucut of a temporary 


substitute, Hamilton found himself entrusted with the entire duties 
ed^usational and administrative— of the University Pathological Department. 

iBofore the endowment of the Erasmus Wilson (Jhair in 1882, the 
I^nivuvslty of Aberdeen had no teiicher in patliology apart from the 
of Practice of Medicine and of Snidery, who did what the dis- 
of their more obvious duties permitted to rem<Hly the deficiency, 
as the first occupant of the Chair of Pathology, Hamilton 
found that his resources were limited ; it may bo said that they 
for he inherited no department and but the scantiest 
But his enthusiasm and determination of purpose, coupled with 
fully qualified him to deal with the difficult 
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position, so that in a surprisingly short space of time he was presiding over 
classes of systematic and practical study in which his able and inspiring 
teaching was illustrated by a wealth of material, amongst which his models 
of patliological conditions, moulded and coloured to jjerfection, were marvellous 
counterfeits of reality. Practically all these accessories were prepaii*eTl 
either by his own hands or under his direct supervision. Though his most 
pressing needs were satisfied for the moment, others speedily presented 
themselves. With the active development in bacteriology then proceeding, 
the requirements of pathological departments demanded an accelerated 
expansion ; more experimental and teaching accommodation had to be found, 
apparatus to satisfy the needs of an elaborate technique to be procured, but 
by unfaltering eflbrt Hamilton seldom failed in obtaining that which he 
deemed essential in order to keep his laboratories fully abreast of the 
requirements of the time. It would, in fact, luive been almost impossible 
for those who presided over the University’s coffer to have lejected the 
vigorous and conclusive appeals which he made to their liberality. 

Hamilton’s exceptional qualifications as a teacher wore speedily recognised. 
They were endowments rather than acquirements. Some scientists with 
high versatility in observation and investigation possess a less conspicuous 
qualification for imparting llieir enthusiasm and information to others, but 
he was a born teacher whose clear incisive style, carefully ordered facts, and 
closely argued theories compelled the attention and conviction of his hearers. 
By some he lias l>eeii styled dogmatic, but if he sometimes pronounced a 
decided judgment on a contested point, it was always preceded by a fair 
statement of the observations and theories of others. That his own views 
were decidedly and vigorously instilled, was no doubt a factor in the success 
of his method of instruction, in so far that the student was left with a 
perfectly clear conception of the standpoint adopted by his master, ^ 

Whilst his duties at Marischal College and at the Royal Aberdeen 
Infirmary (in which institution in his capacity as pathologist he had entirely 
remodelled the post-mortem department) occupied his time very fully, 
Hamilton was devoting much of his evenings to preparing his ' Text B&k 
of Pathology ’ for publication. On its appearance in 1889, the book was 
received in most quarters with unqualified approval. It was recognised as 
being a thorough and compreliensive work of reference in the various aspects 
of pathol(^ical study, based on the teachings of physiology to ensure a due 
comprehension of morbid function, minute, clear, and practical in its details 
of conditions and methods, illustrated with an exactitude and skill 
unattainable except by those possessing not merely the requisite scientific 
knowledge, but an artistic temperament to perfect the delineation. 

That all critics should be entirely satisfied with the work was natuwdly 
impossible : too little attention paid to the vital manifestations of morbidity, 
too much to structural abnormality,ithe experiments aspect of study unduly 
subordinated, these were amongst the strictures; but when the critic had 
sufficiently vindicated his own standpoint, be usually showed hbfttself 
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constrained to praise niucli of the text and all of its illustrations. It 
was no small assistance to Hamilton in this literary work tlmt his earlier 
investigations iiad brought him into the closest contact with very varicms 
questions of a pathological character; he had not limited himself to a 
iian*ow field of observation, but had toen truly catholic in his^ selection of 
objects of study* A recital of some of his chief contributions to pathology 
may illustrate this point. 

In 1879 he commenced a series of very capable articles dealing with 
various morbid conditions of the lung. The papers a]»peared at brief 
intervals in the issues of ' The Practitioner ' throughout a period of two 
years, so that the name of the author hecanu^ familiar to medical man and 
specialist alike. (It may l)o mentioned that Ham il ton jairticularly desired 
to acicentuate the value of pathological study in its ju-oymr velatiouship to 
diagnosis and treatment.) Topographical knowledgt* of the central n(*rvous 
system was eiu’itdied by his contrihution.s on tin* condu(;ting })aths in tlic 
brain, and esy>ecially by his work t)n the corpus (*al]o9um in adult and 
embryonic conditions. (In luosecut-ing these reBcandn^s he was assisted by 
a grant from the Koyal Society.) In 1882 a communication was made 
by him to the Koyal Society of Ediiibnrgh, in which he dealt with a physical 
explanation of diapedesift, and illustrated Ids theories by no\^ed a)i(l ingenious 
mechanism. 

originality of idea, cxpreKsed with his wonted lucidity, is dis- 
played iu his studios relating to sponge grafting, and to enibulic infarction, 
as well as in articles bearing upon such matters as the infiuence of heredity 
in disease, the pathology of gastrii^ dyspej^sia, and the alimentary canal as a 
source of contagion. 

Hamiifcon showed a keen interest in the pathological cunditioiiH (xjcurriug 
♦amongst domestic animals, esf^ecially those which conti'ihuto to the food 
supply of man, and his later work in this direction i« imy^ortant, 
not merely from its bearing upon agricultural economics, but also aa 

practical addition to current knowledge of invasion and resistance. 
His inquiry into the relationship of human to bovine tuberculosis 
strengthened by its results his opposition to the views adopted by Koch, 
whilst his laborious investigation into the etiology, symptomatology, and 
prophylaxis of certain disovdors occurring amongst slieep led to very inter- 
esting and valuable conclusions. 

This— his lust, and probably his most important work — must 1)0 referred 
to in some detail. The commencement of this inquiry is now remote, fur it 
was in 1881 that Hamilton was sent to the Islam! of Skye by the Highland 
tod Agricultural Society as the oxi)ert nKUuher of a committee charged with 
investigation of the disease known as “ Braxy " {morhm mliitarius uvm). The 
time of year chosen for the expedition pr()Vod inifAvourul>le tor this purpose. It 
Wto not until 1897 that Hamilton foyml himself able to resume the research : 

he visited the Fort William district, with other localities whei’C 
the symptoms and topography not only of 
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braxy but of other members of the group of disorders wit^ which it is 
frequently confounded by stock-masters and shepherds. From year to year 
these excursions to various infected areas were repeated with a similar object, 
and as their result, augmented by official information mainly derived from 
Ireland, ho was able to settle and map out the topography of braxy. BtCt 
this was merely a preliminary to the muoh more important .work whioli was 
instituted by the Departmental Committee appointed by the Board of 
Agriculture in 1901, upon which Hamilton acted as chairman and expert. 
Plans of action were agreed upon and observation stations organised in 
localities where disease occurred endemically amongst slteep, the chief being 
located at Kielder, in Northumberland. The report of this Committee 
appeared three yeais ago in the form of a Blue book. It deals chiefly with 
braxy and louping-ill, though touching upon several other disorders which ate 
held to be individually distinct. Hamilton fully confirmed the description 
of the braxy micro-oi^nism, first recognised by Ivar Nielsen in 1888, and 
further, added several important observations relating to its seasonal activity 
and manner of invasion, together with a suggested method of prophylaxis. 
The louping-ill disease {chorect pftiali/tiai. tmn) which had been a veritable 
mystery, was finally unravelled, the bacillus found, its characteristics under 
cultivation studied, its manner of development and invasion traced, its 
seasonal activity explained, a plan for protection against it elaborated and 
tested with most encouraging results. The stages of the report testify to the 
piolonged and arduous nature of a research which, step by step, led the way 
to an entirely satisfactory and practical issue. Apart from the information 
they contain bearing upon seasonal receptivity towards infection, the nature 
of intestinal infection, the duality of symptoms produced by the toxiae 
originated by the same micro-organism, together with other mattcits whioh 
may have their signification foe man as well as for the animals whioh^ 
Hamilton observed, the work has a direct bearing upon agriculture of a 
far reaching character. The need for similar investigation iuU otiiax , 
disorders of the sheep, which are touched upon incidentally in the repwt, 
is indicated ; it was, indeed, Hamilton’s intention to make a thorougli 
study of these individually, but their elucidation was not to be at his hsnda. 
The attachment of his former pupils was suitably shown in 1906, %heii, 
on the completion of bis twenty-fifth year of service in the University* si 
volume of ‘ Studies in Pathology ’ was prepared in his honour, to which towiy 
old students, now professors and lecturers in other schools, were conttibutol^ 
His jubilee coincided in point of time with the celebration of the qqater* - 
centenary of Aberdeen Univereity. He appeared to be at that time m 1^, 
enjoyment of bis accustomed vigour, but not long afterwards symptoms of ji;: 
disquieting character beoamo apparent : exertion fatigued biiu, vigour 
and speech were less manifest, and although he only relinquished his 
intervals under pressing medical advice, it was evident that he WM 
ground. By the end at 1908 he was confined to hie room aud 
.present 6t the fqtngAlof his. wife .whqii ltor;deoeMe 
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Under the itifluenoe of this bereavement and the progress of his malady, 
Hamilton's condition became steadily worse ; he recognised the impossibility 
of recovery and resigned his Chair ; five months later, in the spring of 1909, 
death terminated his suffering. ^ 

“ As we^ have endeavoured to summarise the work of a lifetime, it is fitting 
that we should glance for a moment at the outstanding characteristics 
of the man who ocoompliehed it. Hamilton possessed a strongly defined 
individuality, intense and ardent, firm in upholding a conviction, direct and 
enthusiastic in supporting it. Finesse, ooinpromise, and ambiguity were 
alike foreign to his nature ; if he was frank and outspoken he was incapable 
of harbouring feelings of bitterness or resentment towards others who held 
different views. To his intimate friends tliere was n perennial freshness 
and geniality in the relationship: his keen sense of Immour, interpreted l)y 
tire expressive grey eyes and tlm musical infectious laugh, added to the 
charm of his company, lieyond his work he had wide interests and deep 
sources of pleasure ; he loveil nature and keenly appn^ciated the artistic, 
whetlrer in form or colour. On several occasions he leeluved on artistic 
themes, architecture included, always exhibiting a fine enthusiasm for work 
which he recognised as harmonious and genuine. In music he was a 
oounoiseeur and was himself possessed of a melodious voice. 

Hamilton was a member of many learned societies and l)odies ; his 
election Ut the Fellowship of the lioyal Society in 1908 and his latireation 
as LLl). by his Alma Mater soon after, were tokens of appreciation which 
caused him peculiar gratification. Had he lived to the spring graduation of 
tihe current year he would have received a similar recognition from the 
University in which he had server! with much distinction tlirougliout a period 
of twenty-six years. 

g Hamilton was twice inanied: his first wife died seventeen years ago; 
Ms aecomi, a daughter of Mr. John Wilson, of Falkirk, predeceased him by 
a few menths. 


J. T. C. 
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WILFRID HUDLESTON HUDLESTON, 1828—1909. 

In tli(? liistory of (roolo^^^it'al fScioinu^ wo rlitsses of ijidividuals luive, at 
varions tiinow, coiitrilniUMl to its advancement, aanudy, the auiatt^nr 
investij^ator ajid the profoHHional worker. Df these the amateurs were 
certainly amongst the earliest in the fiehl, ami imleed it may he truly said 

that, 1>ut for their labours, 
the initiation <jt' tlie Geo- 
logical Society and the 
Survey itself as a pul»- 
lic departnnmt would 
scarcely have mot with 
so early a reception in 
this country. 

Thanks to our univer- 
•sities and public schools, 
well-trained professional 
workers have now Ijecome 
so numerous that there 
seems little room left for 
the amateur; neverthe- 
less, so fascinating is the 
Rci<mce that geology is 
still pursued with marked 
success by many private 
persons, purely wn amore 
and often as a leisure 
hour pui^uit or an 
agreeable concomitant bf 
travel. Foremost amongst 
those non - professional 
geologists, who devoted 
his life for many years to 
this science, must be placed the name of Wilfrid Hiidlestou Hudlestdn 
(formerly Simpson). 

Born at York, June 2, 1828, Wilfrid Hmlleston Simpson-wos the eldest 
son of l>r. John Simpson, of Knai'csborough, and is, on his father's side, a 
descendant of three generations of Yorkshire " medicine-men*" His mother, 
Elizabeth Ward, was lieiress of the Hudleatons of Cumberland, and in 
1867, on succeeding to the family estates, Wilfrid, by letters patent, assumed 
the name of Hudleston, by which he is best known among geologists. 

From 1831 to 1834 he yesided with his parents in Harrogate, where 
first playfellow was Henry Clifton Sorby— who afterwards m 

distinguished a geologist and a President of the Geological Society of 
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YouDg Simpson received hie early education at St. Peter's School, York, 
from which he was transferred to Uppingham School, and subsequently 
entered St. John's College, Cambridge, where he graduated B.A. in 1860, Up 
to this time, as a school-boy and an undergraduate, Wilfrid had evinced no 
ispecial predilection for geology. In his last term he attended Sedgwick’s 
lectures* and was much impressed with the manner and appearance of that 
distinguished geologist. His earliest scientific pursuit was ornithology, 
commenced at fifteen years of ago whilst still at Uppingham School. At 
Cambridge he was associated with Alfred Newton from 1848 and with 
J. E. Law, making many expeditions in Northumberland, Cumberland, and 
N.W. Ireland, Afterwards he visiteil the Norwegian coast and here he became 
acquainted with John Wolloy (author of 'Ootlieca Wolleyaiia '), and with 
him he collected in Finland and Lapland, also with Alfred Newton and John 
Wolloy in 1855 and in 1856 in the Island of (dand and Sweden. 

In 1857 he joined Canon Tristram and Oabert Salvia in an ornithological 
expedition to Algeria. Together they explored the Eastern Atlas, visiting 
'i'unis, Constantine, Kef, etc. The years 1859 — 60 were chiefly spent by 
Wilfrid Simpson in Greece and part of Turkey (the Dobrudscha, now 
Eomnania). His last ornithological trip was made in 1801 to Switzerland. 

On leaving Cambridge he devoted some time to the study of the Law and 
was called to the Bar in 1853, but never practised. 

^ From 1802 to 1867 Mr. Wilfrid Simpson held a commission in the Kent 
Artillery (Militia), and lierformed yearly garrison duties at Dover (Jastle. 
About this time he also began a special course of &<jientific studies, selecting 
myre particularly Natural History and Chemistry. He studied in Edinburgh 
under Playfair and Stephenson Macadam, and subsequently, for three sessions, 
at the Jioyal College of Chemistry in Ix)ndon under Hoffmann, Franklaud, 
and Valentine. At that lime he was uncertain whether to take chemistry or 
geology as his main subject of pursuit, when an accident decided in favour of 
the latiter. In 1866 ho met Marshall Hall at Chamounix and on their return 
to England he was speedily introduced to many persons interested in 
^eolc^ical science, of wlmtn Prot Morris may he regarded as the chief. 

Prof* Morris had a wonderful influence over his pupils and associates, and 
this was just the attraction which Mr* Simpson, who had now (1867) 
assumed the patronymic of Hudleston, required to enlist him as a geological 
recruit, and in due coui^se to make him a “knight of the hammer" for the 
rest of his life. A close friendship was thus formed which was only 
terminated by the death of Morris in 1886. 

In 1867 he was elected a Fellow of the Geological Society, and in 1871 
,a Member of the Geologists* Association. Of this Association he became 
S^retary in 1874, and during the three years of office he spent much time 
in preparing reports on the various districts visited, some of which are of 
considerable extent and importance. In 1872 he published his first original 
paper (with Mr. F. G* H, Price) “ On Excavations at the New I^w Courts*** 

His papers on "The Yorkshire Oolites** (1873 — 78) and “The Corallian 
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liocke ot Euglaad’' (with IW* J. R Blake (1877)) »oon efltablished hie 
reputation as one of our leading geologists. 

Mr. Hudleston was elected President of the Geologists' Association in 
1881, and his great services rendered to that body during so inany years 
were marked, in March, 1892, by the presentation of an illuminated address. • 

From 1886 to 1890 he filled the post of Secretary to the Geological 
Society of London and, in succession to Sir A. Geikie, he was elected President 
(1892 — 94). In these years, in addition to his official duties *hoth in 
connection with the Geological Society and the Geologists’ Association, 
Mr. Hudleston proved himself an able and prolific contributor to the 
literature of geology. Some twenty papers were written by him on the 
tield-geology of various district.8, eight on Chemical Geology, for which he had 
always a strong i)redilection, dealt witli the Lizard Kocks ; the Gneiss Rocks 
of the KW. Highlands; Sterry Hunt's Chemical Essays; King and 
liowney’B views on JSozoon Gamdense; the Diamond-rock of S. Africa; 
and Sterry Hunt’s views on Serpentines. In Palaeontology he published 
Monographs on the Corallian Gasteropmla of Yorkshire (1880 — 81). The 
Gasteropoda of the Portland Rocks (1881) and of the Oxfordian and Lower 
Oolites of Yorkshire (1882—85), the Gasteropoda of the Inferior Oolite 
(1887 — 96), this latter comprising 514 quarto pages of letterpress and 
44 quarto plates of fossils ; a Catalogue of British J urassic Gasteropoda 
(with Mr. E. Wilson), and papers on the Fossils of Western Australia and 
JHouth Australia. 

To this period must also be added Presidential Addresses to the Geologists' 
Association Deep-Sea Investigation" (1881), on the Geology of 

Palestine (1882, with additional notes in 1885), to the Melton Field 
Naturalists’ Society (1884), and the Devonshire Association (1889) j lastly, 
tw^o Presidential Addresses to the Geological Society (1893 — 94), «wid one, 
later, as President of Section (C) Geology, British Association, Bristol 
(1898). 

On the. death of his old friend, Prof. Morris, in 1886, Mr. Hudleston 
succeeded him as one of the editors of the * Geological Magazine,' to wMcb' 
journal, since 1879, he had been a frequent contributor, and continued so ' 
until his death iu the present year. He was a keen student of recent and 
fossil mollusca and one of the founders of the Malacological Society. 

In 1886, accompanied by Dr. Henry Woodward, RRS., and Mr. C. E. 
Robinson, MJnst.CiE., he carried out some experimental dredgings,; 
with a Brixham trawler and her crew, along the English Ohannel, and in; ; 
and near Torbay, iu order to study marine mollusca and observe their lititig ; 
habitats. In the following year lie engaged a Grimsby steam i 

her crew, and accompanied by Mr. C. E. Robinson and the k'te Mw 
Woodward, of the College of Science, he spent three weelbt 
dredging cruise in iixe English Channel and along the Rrendh coast 

Mr. Hudleston resided for many yearn in Ch^e Walk, <)h€ds^r:^ 
removed in 1888 to Oatknds^ TStia 
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however, iuterfen>d with his scientific engagements, and he again took up 
a residence in town at 8, Stanhope Gardens, South Kensington, 

In 1890, he married Miss Rose Benson, second daughter ot the late 
William Hey wood Benson, Esq., of I.itUethorpe, near Ripon. 

Early in 1895, Mr. Hudlestori, accompanied by his wife and his friend, 
Prof. J. P. Blake, F.G.S., left I.ondon for Boinbtt 3 \ After leaving ]*rof. Blake 
duly installed as Organising Curator of the Museum at Baroda, to which he 
had just* been appointed, Mr. Hudlestou journeyed onwards towards the 
north-west frontier of India. Tlie geological results of this expedition are 
embodied in Notes on Indian Geology,*’ read before the Geologists’ Associa- 
tion in Jleceinber, 1895 (see ‘ Proc. Geoh Assoc./ vol, 14, p. 220, 1890). 

He presided over or took part in the Councils of luimcrous scientific 
societies. He was elected, in 1889, President of the Devonshire Association 
for the Advancement of Science, the Yorkslure Naturalists* Union, and the 
Malton Field Naturalists* Society ; and had heeti for years a Vice-President 
of the Dorset Natural History Fieltl Club. He also served as a Member of 
Council of the Itoyal Geographical Society, and as President of the Geological 
Section of the British Association at Bristol in 1898. 

In 1897, Mr, Hudloston was awarded the highest honour which the Council 
of the Geological Society could Ijestow, namely, tlio “ Wollaston Gold Medal,** 
in recognition of his valuable contributions to our knowledge, including 
chemical, inineralogical, paheontologioal, and stratigraphical geology. Special 
relererSfe was made by the President, I)r. Henry Hicks, F.R.8., to his mono- 
graph on ** The Inferior Oolite Gasteropoda,” contained in the volumes of 
the JPalcQontographical Soci(?ty, which, witlj the services of four collectors in 
the field and in cleaniiig, developing, etc., occupied a period of over twenty 
years, the descriptions filling 514 quarto pages of letterpress and 44 quarto 
nlates of figures. This fine collection of types lifts, since the death of 
Itfr. Hudleston, been transferred, as a gift, to the Sedgwick Memorial 
MuseuiQ, Cambridge. 

Two later papers deserve special mention, namely, the investigation of the 
Iftrueture of ** Oreechbarrow in Rurbeck** (‘Geol. Mag,,' 1902 — 3), and that 
the Origin of the Marine (HaloUmnic) Fauna of Lake I'anganyika ” 
<*]Oeol Mag./ 1904). 

/ In his earlier years, before he became known as a geologist, he took a keen 
/inWnat in ornithology, and was instrumental in founding, in 1858, in con- 
:|ui%ot|on with the late Prof. Alfred Newton, of Cambridge, Mr. John 
the British Ornithologists* Union; and so lately as 
9, 1908, tl>ey commemorated the Society’s fiftieth anniversary. 

Society presented a gold medal to each of the four 
or%i^ members, of whoni Mr, Hudleston was one. 

?/ / with the Armstrong College, Newcastle (in the University of 
Hudleston provided the site end advanced capital for erecting 
Btoiogical Laboratory at Cullercoats, Northumberland, to be named 

his family, Eleanor Dove)- 
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it was erected and equipped at a cost of £4000, and was opened iu July, 
1908, by the Duke of Northuui ter land. The building is suitably provided 
with a fine aciuariurn with numerous tanks, and a large room on the ground 
floor where expeiiments on pisciculture may be conducted under improved 
conditions. It has, in adiiltion, a library, a lecture room, workrooms, sto. 
The Pircctor is Prof. Meek, M.Sc., under wliose liireetion the entire equip- 
ment i)f tfie building whs carried out. 

Mr. Hudlestoii was a Justice of the Peace for the West Hiding "^of York- 
shire and for East Dorset. He purchastKl the East Stoke Estate in 1897, for 
the sake of tlie shooting, having all his life been a keen sportsman. His latter 
years were tlivided betweeri West Holme, Wareliam, and bis town residence, 
8, Stanhope (iavdens. Ho died at West Hcdiue, January 29, 1909, iu his 
eighty-first year. 

Mr. Hudleston’s life was marked by untiring energy, directed with 
a steady purpose throughout. As a njan of science, may be mentioned the 
lunnorous offices he held iu connection with the Geological Society, the 
Geologists’ Association, and tnany other bodies. No fewer than 58 memoirs 
and papers, extending over a period of 32 years, attest to his energy and 
ability. 

As an ornithologist and a traveller he accomplished much. During his 
sojourn in the East he acquired a fluent knowledge of modern Greek as well 
as Arabic. As a magistrate and a landed proprietor he was always earnestly 
desirous to fulfil his duties ; while as a sportsman, both with gun and rod, he 
exhibited the same keenness as with his geological hammer or in his chemical 
laboratory and museum. 

For many years Wilfrid Hudleston lived much alone, having but a small 
number of intimate friends : Prof. MoiTis, F. G. Hilton Pric^, Henry 
Woodward, H. W. Monckton, and some few otliers. Hence the social sid^^ 
of his life was never fully developed. But his earliest ornithological 
friendships for Prof. Alfred Newton, John Wolley, 0. Salvin, Canon Trifttram# 
and J. E. Law remained the strongest and wannest throughout liis life, and 
were only separated by death ami as be drifted apart from them in his later 
geological pursuits. 


H. W. 
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. sir. (;KOJiCJE KING, 1840—1009. 

* 

GEoUtiK KlN(i, the only son of Kohert King anti Cecilia Aiulcrsoii, way bom 
at Peterhead, where his fatlier was a bookseller and his maternal grandfather 
was Collector of Inland Eeveinie, on April 12, 1840. While King was still 
a child his father moved to Aberdeen, and joined in ])artm‘rslup his elder 
brother rh^n'ge, a bookseller in that city, where anotlun* brother, Arthur, 
founder of the Abf^rdt^eu University Ih'ess, was a printer. Partly in con- 
junction with this press, the firm of G. and Ib King developed a })ubli8hing 
business which rendered good service to the north-east of Scotland at a time 
when diffitMiltiea of communication delayed supplitvs of literature from 
London, or even from Edinburgh. The partners were nuuuhers of a family of 
Independents, a denomination nev(*r numerous in Scotlaml. Both were men 
of strong character and much ability, and took an active part in promoting 
the interests of the Congregational community. The senior ]mrtner, George, 
belonged to the Scottish Society of Antiquaries, and was one of the three 
founders of a still flourishing local Liberal newspaper.* He was for forty 
years closely connected willi the administration in Aberdeen of the Scottish 
pbor4aw, ami published an essay on “Modern Pauperism'' wliich attracted 
the attention of social stahismen fifty years ago. ]f<? also wrote an liistorical 
review of the origin and condition of the (kmgregational churches in 
Alferdeenshire and BaiiflFshire, in wliich, wliile lidding the views of an Inde- 
pendent as regards the organisation of the Anglican Clmich, he found tlie 
Prosbyiferian form of church government equally uujustihable on historical 
grounds. The junior partner, father of the subject of tliis notice, was the 
author of a meritorious historical work, 'The Covenanters in the North,' 
publisTiecl in 1846, shortly after his death from plitliisis, at the early age of 
4hirty-»ix, in November, 1845. As an Independent, the autlior was able to 
handle his subject with sympathy, and at the same time without the bias so 
often apparent in I^resby terian writings. King's motlicr died, also of phthisis, 
at the age of forty, in June, 1850. 

, Left an orphan at ten, King became the ward of his uncle George, who iu 
the autumn of 1850 transferred him from the preparatory academy he had 
hitherto attended, to the Aterdoou Grammar School, then under tlie rectorship 
Jjr. Melvin, one of the foremost classical schools in Scotland, 'fwo pupils 
King, were already there, one in the fifth, another in the second class ; 

Jibe sutijeot of this notice on entering the first class, taught by Mr.(after- 
\vaids Sir William) Geddes, was therefore, to the masters, King “ tertius/' to 
;his schoolmates, ''tertius'* for short; this agnomen stuck to Jiim till his 

f Arthur King, of the University Press, al«o engaged in newsfwper entetprise, and 
first j>etiny paper published in tlie north of Scotland. 
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undergraduate days. At school ” Tertius,” in spite of constitutional delioaoy, 
was an apt pupil ; his guardian, partly on this account, partly because tto 
boy’s poor health, decided to train him to be his successor in the firm, and 
effect was given to this design when King left school in 1864. The 
experiment did not succeed as his guardian had hoped, though it cannot b6 
said that this effort to determine King’s career was altogether thrown away. 

Contemporaries of King who survive recall the proceedings of a literary 
society connected with the church to which his uncle belonged. Young 
King, while in business, was a leading member; his contributions to the 
discussions, we are told, showed erudition and insight beyond his years. The 
society subscribed for pajiers tlien rarely seen in Scotland ; among them the 
‘ Sfiturday Review,’ for which King developed an e^iecial liking that, except 
when the paper was edited by F. Hands, he retained to the last. It may be 
noted that when, later in life. King left the Independent community, Iw 
transtorred his allegiance to the Anglican, not the Calvinist, Church. Not 
improbably King’s sympathies with literature and art, and his practical out- 
look on life, may have been paternal inheritances. But it is clear that this 
association with a bookselling and publishing business aided in developing 
Ins keen and sure taste, so appreciated by intimate friends, so unsuspected by 
others. Nor can it be doubted that his instinct for the essential, his mastery 
of complex detail, and ids genius for organisation, which combined to render 
his public services so valuable, lienefited by their exercise during tbit 
apparently fruitless and certainly irksome years of King’s business lifei. 

With the utmost affection and regard for his uncle, King never threw bis 
heart into the business of the firm. As a small boy he had shown, in country 
walks with his father, all the interest of a child in birds and fiowers with 
more than the usual power of remembering their names and peouliarities. 
But in the absence of parental stimulation and in spite of delicate health, 
this interest in natural objects, in place of being inhibited by the literary 
drill of a classical school, gradually developed into an overpowering taste for 
scientific study in general, and for soological and botanical pursuits in 
particular. His innate ambition was to be a naturalist; his aooide&tsX 
attachment to a business failed to suppress his devotion to natural study. 
His spare time was given to field excursions ; his enthusiasm gained him 
“freedom” of the arcana of local nurserymen. His pursuits led King to ; 
introduce into the business premises specimens in which lie was interested 
These his uncle contemptuously termed *' scroggs ” ; King’s 'addiotloii tp 
their study caused the worthy man genuine grief and much indigaa^lQab ; 
After his eighteenth year King's general health greatly unprovieri, 
was clear that the situation could not persist King continued in 
until he reached his majority, but immediately thereafter he annotdfki^ |o ; 
his guardian his decision to devote what ranmined of his 
acquiring a medical education, then the only avmue to a 
His uncle, so far from expressing sorprise^gave his approval^ to 
and thereafter, did all in his' power' to; 'bis. r^heW^d'^^is^^ 
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teUtti<^bip between the two men was perhaps more sympathetic after King 
entered the University of Aberdeen in 1861 than it liad been before. 

King's gift of lucid expression and his aptitude for business may, like his 
instinct for literature and art, have l^een paternal inheritances. The origin 
dt bis faculty for observation seems more obscure. It may have been derived 
from the maternal side, for among his undergraduate contemporaries was 
a relative,* in whom, as a boy, the love of nattiral history was also strongly 
developeS, though in this instance the capacity for close and accumte 
observation was ultimately applied in a somewhat difleront field. 

How distinguished as a student King proved, may be gathered from the 
fact that his contemporaries, after his first medical session, changed the old 
agnomen “ Tertius ” to ** Optinuis/' The improvement in health which had 
begun in his eighteenth year continued ; he had still to exercise unusual care, 
but the close of his university curriculum found liim in more robust health 
than at its commencement. His capacity attracted the attention of all his 
teachers ; those who exercised most influence upon him were the Professors 
of Botany (Dickie), Materia Medica (Harvey), and Anatomy (Struthers). 
King attended Dickie’s class in 1861, and in 1862, when Dickie was 
incapacitated by illness, King was assistant to the de])uty-professor, 
Dr* Dicksomt In 1863, when Dickies n^sumod work, and again in 1864, King 
continued to be assistant in the botanical department, and the attachment of 
t|jg two men only ended with the death of the gentle and distinguished 
Dioki^n 1882. The question as to the career King should adopt already 
exercised his chief and himself. King’s predilection was towards crypto- 
gati^o botany ; this was no doubt encouraged by so able an algologist as 
Uickie, who applied for counsel to Sir W. J. Hooker. Hooker’s suggestion 
waa tha|j King should follow the example of his son, Dr. (now Sir J. D.) 
^Hooker, and join the Naval Medical Service. But, while studying Materia 
Medica, Koyle’s * Manual ’ led King to that author’s other works ; these, with 
, Xhomaan's ^Narrative’ and Hooker’s ‘ Journal/ induced a desire to sr^rve in 
There seemed little hope of this, recruitment of medical num for India 
' , been suspended since 1860. But in April, 1865, the Indian Medical 

‘ f ^ Dr. James Kodger, whose father was an able mathematician and a sucocKsful man of 
' and whose mother was a sister of King’s mother, was one of King’s class-fellows 

\ ^ a student* He graduated in 1865 along with King, ajid, like King, with 

ttftftdftmirtftl honours. Au accurate anatomist and a sound pathologist, Kodger 
Demonstr^ of Anatomy under Prof, (afterwards Sir John) Struthers at 
from 1866 till IBVl, and was Pathologist to the Eoyal Infirmary there from 
1880, when he was appointed a physician to the institution, and continued a 
j: of its until his death iii 1900, But the evidence is not conclusive ; we must 

; that King*s UiArn was at least capable of appreciatiiig his child’s interest in 

y ^ ^ RodgePs father whs an intimate friend of Prof. 

onjoyed a conaidembk repototion as a local botanist, and took a keen 
matters generally. . 

afterwards Professor of Botany at Trinity Odiege, Dublin 
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Service was reopened and a son of Prof. Harvey, already in a sister service * 
threw up his coinmisBion and entered the Indian one. King decided to 
follow young Harvey's example; after attaining his M.B. in 1865, ho joined 
the Indian Medical Service^ on October 2 of that year, and having spent 
the winter at Netley, left for India in the following March. Be&Jre 
embarking King paid a visit to Kew, and on the voyage was able io render 
tlje earliest of his uiany services to that esta-blishment and to India, 
Dr. Hooker entrusted to his care the first medicinal Ipecacuanlia plant sent 
to India ; this King delivered in safety at tin? lioyal Botanic Garden, 
Calcutta, when he readied that port on April 11, 1866. 

On landing, King was attached to the General Hospital, but on May 9 ho 
was transferred to the Medical College Hospital, (Calcutta, and was appointed 
hoime surgeon there on May 18 . I’his post the piincipal advised him to 
resign on August 20 ; in the perfonnance of his duty he had contracted 
fever, followed by an attack of pneumonia, wliicb endangered his life and 
threatened to light np the phthiaieal tendency of his boyhood. Already his 
work had commended liim to his seniors, wlm used their influence to procure 
his t)*ansfer to tin? drier and healthier climate of Upper India. Ho was 
posted to military duty on August 29, and reached Agra on Septemlw 4, 
when he was attached to the 41st Bengal Infantry, On December 13, 1866, 
he again fell ill, and on rettirning to duty was given medical charge, on 
January 9, 1867, of the mvil station of Muttra; but a month laterals 
administrative chief, again witli the object of promoting his recovery, 
procured his transfer to the still <lrier climate of Central India, where, on 
February 17, he took over medical charge of the Ist Centml India Hori^/at 
Goona, This post he held till December 4, when he was transferred to tlie 
Political Department in Itajputana, taking up his duties at Deoli, ii^Marwar, 
on December 24, 1867. During the following year he served there and aU 
Mount Abu, and afterwards at Jodhpur, but eai'ly in September he was 
selected to ottioiate as Superintendent of the Botanic Garden at Saliin’atipur, 
a post which he filled from December 9, 1868, till November 22, 1869, As 
his temporary appointment at Saharanpur drew to an end, King fourfd 
himself at the parting of the w^ays. His energy and ability inipres»e<l all 
those with wliom he came in contact, and some glimpse of his organising 
faculty had been given in connection with famine work in Eajputana. The 
medical authorities were anxious to secure his services as a DejJiity Samtary 
Commissioner, and orders to take up civil medical duty on his relief at 
)Saharanpur were issued. But the chief political officer in Kajputana h«al 
been equally impressed, and, having learned that the Forest Department wils, 
in need of competent officers, strongly advised the Conservator in the 
North-west Provinces to ask for King's services. King was occordin^y 
invited in September, 1869, to accept ati Assistant Conservatorship. Thie 
forest appointment offeitsd greater scope for the utilisation of his botatticjgkl 

* Di'. R. Hai'vey, O.B., D.S.O,» Bubsequently Director-General, Indian Medical Ser^ii^ 
in which capacity he died at Simla, FaUjab, December 1 , 1901 , ^ 
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knowledge, and was accepted by King, who was thereupon placed in charge 
of the Dehra Ddn forests, taking up his new duties on December 3, 1869. 

At ’ Agra, Muttra, and Saharanpur King laid the foundation of that 
knowledge of the plants of the Upper Gangetic Plain, shown in a contri- 
btilion b^ him to the ‘ N.W. Provinces Gazetteer/ At Goona the flora of 
Central India did not suttico to occupy all his leisure; the balance he 
devoted to an ornithological survey of the district and to the pre])aration of 
a series of skeletons for the anatoniical museum of his university. This 
work he continued in Rajputana, where he also made large botanical collec- 
tions, investigated the plants used as food in times of scarcity, and studied 
the vegetation from what is now termed the geological standpoint. At 
Saharanpur he found time, amid his administrative <]u ties, for morphological 
and economic botanical studies. 

The forest work at Dehra Dun gave King freer scope for the display of 
his powers. Zeal, eiiergy, ami candour were in him combined with a charm 
of 'manner which attached to him those with wliom he bad dealings. Ho 
could direct without damping tlie enthusiasm of those wlio served under him, 
while commanding the confidence of those under whom lie sin ved. Honest 
difference of opinion he seemed to find attractive; his anger never was 
provoked save by attempts at intrigue or subterfuge. These ([ualities were 
sorely needed in the Assistant Conservatorship with whicli lie was entrusUHl. 
TJ|g^ situation he had to face is disclosed in a ‘Memorandum on the Dehra 
Dhoon Government Forests,' presented to tiovernmeut in April, 1871. To 
help him in his task he bad been invested with the powers of a subordinate 
maoistrate of the first class within foiest limits on M.arcli 18, 1870; in 
^rforming it he virtually saved these forests from extinction. The nature 
of his acjjiievement during the fifteen preceding months may he gathered from 
judgment delivered on May 21, 1871, of which the following passage forms 
part: — do not think it would he right of me to close this case without 
puttingiOn record some expression of opinion regarding the zeal displayed by 
Dr. King, and the debt which the Forest Department owes him. For years 
almost complete system of bribeay and corruption had been going on in the 
Forest office ; Government proj^erty to the value of thousands of rupees had 
been yearly stolen with the connivance of the Forest officials. Dr. King 
had hardly been in office a month when he saw how affairs stood, and hefoi*e 
the end of six months he had obtained convictions against the principal 
offenders. The amount of labour Dr. King had to go through to obtain this 
(Bi^tisfactory result is beyond belief. Day and night he never rested; 
tliroiUgh the most impenetrable jungles in the most unhealthy season he 
fojreed his way. No man, woman, or child who could thi^ow any light on the 
subject was left unseen and unquestioned ; once he got a clue he never let 
it drop ; aooount^hooks and papers sent into the heart of foreign territory to 
b0 f)eyond gr^p he ferreted out and laid before the Court. The result 
« is that he has thrown light on all the most secret transactions. The 
all the officials in the Forest Department has been clearly 
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portrayed ; the various ways Government had hitherto been defrauded and 
robbed have been found out and exposed ; if Dr. King*8 successors do not 
take advantage of this it is their fault. The benefit which should accrue to 
tlic Forest Department by^ Dr. King’s labour, if followed up in a proper 
spirit and with ordinary ent3rgy, is incalculable/’ m ^ 

Little more than a year after joining the departineut King was appointed, 
on January 28, 3871, to ofticiate us Additional Deputy Conservator in charge 
of the Kurnaon Forest .Division, and on March 2 he was recommended for 
permanent promotion to this higher grade. While eusting as Deputy 
Conservator King was ordered to prepare a '‘lte|>ort on Forest Con- 
servancy, etc., for lianeekhet,” one of the N.W. Himalayan hill-stations. 
This report he submitted in June, 1871, and its nature may be gathered 
from the ‘Gazette’ of India for September 9, which officially states: “That 
the Governor-General in (Joimoil has read Dr. King s very interesting report 
with groat satisfaction, and cordially endomes the praise bestowed upon it by 
His Honour the Lieutenant-Governor. The recommendations contained in 
it are excellent, sud His Excellency in Council trusts they will be borne in 
mind and carefully carried out/’ King further made a careful study of tea^ 
pruning under the conditions that prevnil in the Kangra Valley, and 
although it had reference primarily to the N.W. Himalaya, a successful 
tea-garden manager in N.E. India once remarked of King's paper tfai^t 
“ before reading it he hacl pruned with liis hands, after its perusal he esmid 
prune with his lieacl” During his forest service King formed extensive 
botanical collections, and was ac^iuiring the knowledge displayed afterwards 
in his ‘Gazetteer’ List of the Plants of GarhwfU, Jaunsdr Bawar,vaud 
Dehra Dvin,” 

The recommendation that King should be made a permanent Deputy 
Conservator was accepted by Government. Owing, however, to there 
no vacancy in the N.W. Provinces, this promotion, it was decided, must 
involve his transfer to Burma. But before this arrangement c^uld be 
carried out King’s forest service came to an end. Dr. Thomas ^derson, 
Superintendent of the Iloyal Botanic Garden, Calcutta, and of Cincliox!k 
Cultivation in Bengal, fell a victim, in 1869, to the energy and zeal witjhi 
which he had for years been labouring to establish plantations of cinchona 
in Sikkim. He had to be invalided to Europe, where lie died in Gctobor, 
1870. On March 10, 1871, the Secretary of Sute for India selected Ki% 
as successor to Anderson (India Office despatch. March 23; Government 
of India Order; May 22). On being relieved of his forest duties King left 
for CalouttR and entered on his new charge, which included the ProfeaaorsMp 
of Botany in the Medical College of Bengal, and where the tasks befdre faitia 
were heavy ones, on July 10, 1871. 

Two cyclones of extreme severity which swept over Calcutta in 18^ And 
in 1867 had ruined every park and ganien in the neighteurhood/^ '1^ 
Botanic Gardens, fomerly famed for possessing one of the finest 
of trees in the East, been reduced to a <»Mnpa!iA 
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thoroughly exposed to sun and wind, and therefore favourable to the growth 
of rank grasses wliioh smothered the young trees and shrubs planted to 
replace the uprooted veterans. Koads and paths w^ere insufficient in 
number and unsatisfactory in condition and alignment. The site of the 
garden, being part of the rice-swamp which forms the Gangetic delta, was 
far from suitable to the successful cultivation of many desirable indigenous 
and exotic species. The residences of the garden employes, native and 
Europeah alike, were inadequate and insanitary. The accommodation for 
the herbarium and library was cramped and inconvenient; the herbarium 
collection, though extensive, was very unequal. The labours of Roxburgh, 
Buchanan, and Wallich from 1793 to 1828 had brought together the richest 
botanical collection hitherto made in Asia. But in 1828 this collection was 
taken to Europe, and Wallich, then on leave in England, dispersed it on 
l)ehalf of the East India Company with a generosity so lavish that nothing 
was left for the institution at whose cost and on whose behalf it had been 
formed. Something was done to repair this injury by Wallicli himself on his 
return (1832—46), by Falconer (1846 — 54), by Thomson (1854 — 59), and by 
King's predecessor Anderson (1859 — ^69), while the generous aid of Kew had 
provided Calcutta with a substantial share of the contents of the East India 
House cellars. But great leeway had still to be made up in order to render 
the Calcutta Herbarium commensurate “With the needs of so important 
a botan ical centre. ^ 

problems connected with cinchona were of equal importance and of 
even greater difficulty. The Sikkim plantations, \)egun by Anderson ten 
yeys before, and pushed on with a zeal which cost that indefatigable officer 
nis life, were an established fact when King assumed control The policy of 
Government had been to act, as in the case of tea, only as a pioneer. So 
soon as it could be shown that private growers were in a position to under- 
take the enterprise, Government was prepared to dispose of these experimental 
plantatjjons and retire from the field. In the case of cinchona this policy 
could not be carried out. The experience of these ten years had proved that 
ill spite of every encouragement §ud assistance, the cultivation of cinchona in 
Northern India is, owing to natural causes, unprofitable to private enterprise. 
Government itself had therefore to attempt the economic separation, from the 
bark produced on its own plantations, of the alkaloids this bark contained, 
and to utilise these alkaloids in combating the ravages of malaria. Attempts 
in this direction had been made before King assumed charge ; these attempts 
had not been attended with success. But there was another equally important 
problem to be dealt with. The bark of those cinchonas that had so far been 
most successfully grown in Sikkim and that were therefore chiefly represented 
in the Government plantations, is bark that, while rich in total alkaloids, is 
relatively poor in quinine, the most important of these alkaloids. It was 
thc^^Idre King's ambition to replace the kinds then most largely cultivated 
hy otheirs whose bark is rich in quinine, and eventually to separate this 
gpnine in such a manner as to obviate financial loss to Government, With 
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characteristic energy King attacked these problems: as regards the firsts 
urging the employment a comj>eteut quinologist; as regards the second, 
himself attempting its solution on the spot His zeal almost involved him in 
the fate that had befallen -Anderson. Exposure and fatigue during his work 
on the plantation induced severe illness, which became aggravated, whilb 'on 
an official visit to the Madras plantations in July, 1872. Ho developed 
symptoms of phthisis, and from July 16 was placed on the ^ick list at 
Coonoor. A month later his condition was so serious that he was invalided 
to Europe, and liis friends hardly ventured to anticipate his return. After 
a year, spent mostly on the liiviera, his health, however, became so improved 
that he was able to resume his duties on November 6, 1873. 

In 1874, King obtained the approval of Government for tlie imj)rovemonts 
required in the Botanic Gardens as a scientific centre and a place of public 
resort. His designs involved prolonged work and considerable outlay. The 
funds required could only be gradually allotted ; that they were granted at 
all gives ample proof of the enlightened liberality of the Bengal Government 
and the confidence which King's administrative gifts inspired. During the 
next nine years the Gardens were practically reconstructed. By excavating 
a series of lakes and ponds, so designed as to produce a variety of pleasing 
effects, sufficient soil was obtained to raise the level of the whole of the 
jjrounda. These sheets of water were connected by underground pipes, and 
the whole system was so arranged as to be kept at a uniform 
pumping water from the contiguous river. Many footpaths and carriage 
roads were laid out so that visitors can drive to any part of the garden.^ 
Elegant conservatories and a noble palm-house were built. New pitting 
sheds, tool stores, and propagating pits were supplied and good dwelling- « 
houses were provided for the members of the garden establishment both 
native and European, A handsome fireproof herbarium, on the lines of thart 
at Kew, was erected to accommodate the rapidly -growing collection of dried 
plants and tlie valuable library. Minor improvements were Cfdded in 
subsequent years, but by 1883 the heaviest of King*s garden work was over. 

While effecting these improvements, King steadily added desirable species, 
indigenous and exotic, to the collections of living plants. Whenever this 
was compatible with the health of the plants and the production of pleasing 
effects King arranged his species with regard to their affinities, so that one 
part of the great garden can boast its fine palmetum, pandanetum, 
bambusetum ; elsewhere other natural groups are similarfy treated. But 
King had all the horror of the true lover of plants for a pedantic arrange- 
ment of species in rectilinear blocks according to what are conventionally 
termed natural families and regardless of the conditions suited to particular 
species. The first duty of a gardener he held to be the proper culture of his 
plants ; the needs of the species grown, not the pragmatical requirements of the ^ 
methodist, were his chief consideration. Here and there he aggregated ^ith 
the happiest results groups of species from some particular geographieai am, 
thus reproducing plant associations which, though unmeaning except from 
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the artistic standpoiivt to the average European, are readily appreciated by 
intelligent native visitors. His operations were coBtrolJed with a singular 
prescience for ultimate effects and his years of unremitting toil were amply 
rewarded. The whole place bears the impress of King^s influence and care, 
and the* cbami and beauty of its Jakes and groves, its avenuf?s and lawns for 
which the Koyal Garden at Calcutta is now so justly fameti, serve as an 
adequate memorial to his energy, patitmce and skill as a landscape gardener. 

King’s work in the Botanic Garden by no means exhausts his achievements 
in this direction. Shortly after his return to India in 1873 the amenities of 
Calcutta were enhanced by the addition of a zoological garden. King was 
appointed an original member of its Committee of Management, the 
LieutenanCGovernor in person serving as President. The site selected was 
occupied by a collection of miserable native huts ; in a few years, under 
King 8 skilful gxudance, it became one of the most attractive public resorts 
in India, Very soon afterwanls the site of a summer residence for the 
Lieutenant-Governor was acquired at Darjeeling. The demesne in which the 
mansion stands was laid out \aider King’s eye and the cousun\mate art with 
which he employed the constituents of a natural forest and blended the 
effects produced witlun the area treated with those to be obtained from 
adjacent hill slopes and distant views has rendered these grounds at once the 
ideal of what such a place should be and tlie despair of tliose who would 
Ihe results. Again, in 1879, when, with the help of private 
munificence, Government was able to provide at Darjeeling a temperate 
annexe to the Botanic Garden at Calcutta, King was given administrative 
ghgjfge of this new garden. By a combination of the methods eniployed for 
the Shrubbery ” grounds at Darjeeling with those applied to the Zoological 
Garden $t Calcutta, King in a few years created another place of public resort 
»at once beautiful and instructive. 

When King resumed charge of the Cinchona Department in 1873, he 
found %hat a quinologist had been appointed ; he was, therefore, for the 
moment relieved of his anxiety with regard to factory operations. The officer 
ap^rointed, Mr. C. H. Wood, devisbd a satisfoctoiy method of extracting the 
mixed alkaloids from cinchona bark, and to King fell the delicate duty of 
creating a market for the resulting product, known as Cinchona Febrifuge. 
He brought to this task all the qualifications of an exj)ert business man, 
surmounting every difficulty, and firmly establishing the distribution of the 
article on commercial, as opposed to eleemosynary, lines. But on October 13, 
187Y> Wood was transferred to Calcutta and King was placed in administra- 
live charge of the factory, and in August, 1879, Wood, for domestic reasons, 
resigined Government service. When Wood retired ho had not yet devised 
an ©oonomic method of separating quinine ; he had, Ixowover, left his process 
fot extracting febrifuge in excellent working order. In Mr. J. A. Gamrnie, 
the resident manager of the plantation. King had an able and i^soureoful 
lieutenant, who had worked in conjunction with Wood and was thorouglily 
competent to conduct Wood's febrifuge process. 

b 2 
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PiificuUies due to natural causes at first impeded King's substitution of 
the cultivation of yellow, or quinine-yielding, cinchonas for that of red 
cinchonas, in which the proportion of quinine is low. But for the skilful 
co-operation of Gammie these difficulties must have proved insurmountable, 
though, great as they were, they proved trifling as compared with other 
difficulties which only the confidence that he inspired in his immediate 
superiors enabled King to defeat. From the same source came difficulties 
connected with manufacture. When Wood resigned the quinologist's post 
in 1879, King had been deputed to Java to study the working of the Dutch 
cinchona department in that island. When he returned to India, on 
December 5, 1879, King found himself appointed to act as his own 
quinologist. The situation, for one whose passion was for thorough work 
and yet who was not himself an expert chemist, was full of difficulty ; but 
the situation had to be faced, and he faced it with courage. Wood, after his 
return to England, took the keenest interest in the work, striving in his own 
laboratory to master some economical mode of obtaining quinine, while 
Gammie made trial of his suggestions on a commercial scale in the factory 
in Sikkim. Eventually King himself conduced to the ultimate success. 
He spent the summer of 1884 on furlough in Europe. Botanical studies on 
which he was engaged necessitated a visit to the Dutch herbaria. While in 
Holland he acquired some valuable information as to a process for separating 
quinine, which he at once made known to Wood, who was thereby 104 *^? 
devise a process more hopeful than any previous one. Gammie was able to 
visit England on furlough in 1886 ; he studied the details of the new process 
in Wood's laboratory, and on his return to India found that it was praotifii^ble 
on a commercial scale. The separation of pure quinine on the spot without 
involving financial loss to Government was at last possible, and by the 
end of 1887 a factory had been established and the manufacture of quinine^ 
on commercial lines was in full operation. In reporting this event, King 
was content to recount “ the generous way in which Mr. Wood, witfiput any 
pecuniary reward, initiated and invented it [the process] in his private 
laboratory, while Mr. Gammie perfected* it in the Government factory. 
Without Mr. Wood the process would not have been invented, while without 
Mr. Gammie it would not have been successfully applied to manufacture.** 

The achievement was, after all, only a stop towards the realisation of the 
original design of Government to supply the people of India, on a self* 
supporting basis^ with quinine at a nominal cost. The attempt to supply the 
article on an eleemosynary basis had, indeed, already been made, police 
outposts being utilised as the distributing agency. But tliis humane effort 
was promptly defeated by small capitalists, who bought up the whole supplies 
as soon as these reached the various outposts, in order to resell the drug at a 
handsome profit and yet at rates which undersold the regular vendor, A 
firm of European merdieuts, inspired partly by genuine philanthropy, partly 
by a legitimate desire to extend their business, had also assayed the task, but 
had been compelled to abandon it, owing to the impossibility of oxgamsi^ a 
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reliable distributing agency. Clearly, therefore, no special agency could be 
economically created : aonie already existing one must be utilised. Clearly, 
too, the drug must be sold at a rate which, while securing Government 
against lose, should at the same time eliminate temptation on the part of 
•i^tsiders to exploit the humanity of the authorities. King saw at a glance 
how thS desired result might be attained, but the confidence he inspired in 
Government was not in itself sufficient to ensure the success of his design, 
which demanded not only the consent but the enthusiastic support of Oither 
heads of departments. In gaining this support the charm of his personality 
was as effective as it had been in securing the co-operation of his colletigues. 
The Bchenm involved the sale at every post-office of Government quinine, 
made up in doses of five grains each. Each dose was to be enclosed in a 
neat sealed packet. Each packet was to bo sold for one farthing, and, 
together with brief instructions in the various vernaculars, was to bear the 
Royal Arms as a guarantee of genuineness. To encourage jx)stal officials to 
push sales, a small commission was to be allowed, and facilities for 
replenishing stocks were to be offered. To eliminate the risk of adulteration 
and pilfering, the makiiig-up of the packets was to be entrusted to the 
Prisons Department, who would receive the quinine in bulk direct from the 
Cinchona stores. In perfecting the scheme, King worked in co-operation 
with the Financial Secretary to Government, Mr. (now Sir Herbert) Risley. 
^ut the Postmaster-General for Bengal, Mr.^ Kisch, devised the procedure 
rej^ilSting the actual sales ; the ingenuity of the Superintendent of the 
Alipur Jail, Mr. Larrymoro, hit upon a method of cheaply, rapidly, and 


a^rately dividing the quinine into doses, and the expert advice of the 
“Government Printer, Mr. Lewis, guided the details connected with the 


preparation of the envelopes. The success of the scheme depended on the 
precision with which each department did its sfmre of the work, and on the 
accuracy of the calculations with regard to the cost of each operation. These 


oalculiitions had of necessity to be so close as to leave no margin ; an error 
at any point might easily have itivolved financial loss. The scheme, fully 
•matured, was put into operation in 1893, and worked from the outset 
without a hitch. To the officers of these co-operating departments King 


attributed the success, after thirty years of effort, of the design enunciated 
by Government when it introduced cinchona, to India: — '‘To put the only 
medicine that is of any use in the cure of the commonest and most fatal of 
Indian diseases within the reach of the poorest." 

In 1874 King also commenced on a definite plan, the details of which he 
wisely subordinated to current exigencies, a survey of the vegetation of the 
countries within the sphere of influence of the Calcutta garden. These 
include the Eastern Himalaya, Bengal, Assam, Burma, the Andaman and 
Nicobar Islands, and the Malayan Peninsula. His first object was to fill up 
gaps in the Calcutta Collection rather than to investigate afresh areas 
alre^y examined ; to this end he sent independent collectors to un visited 
^districts or attached them to military expeditions or survey parties. But 
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his efforts were largely aided by personal friends, and in no branch of lua 
work was his magnetic influence more potent than in thia Ho imparted to 
officers of Government, both civil and military, to missionaries, planters and 
travellers some share of his own enthusiasm, and many of the most valuable 
additions to the Calcutta hftrbeaium were the result of his endeavours ii^ 
tliis direction. His multifarious duties left him few opportunities fd' 
personal travel, but he never allowed them to impede his constant suj>er- 
visiqn of the work of his botanical artists. He was thus enabled to bring 
together a cfdleotion of specimens and drawings far surpassing in extent and 
value that dispersed in 1828, and to take a considerable share in the task of 
supplying material for the use of Sir Joseph Hooker, while that botanist was 
engaged from 1872 to 1897 in preparing the * Flora of British India.* It 
was therefore fitting that when, in 1891, the botanical officers serving in the 
different Presidencies were linked together in one department, King was 
appointed the first Director of the Botanical Survey of India. In this 
capacity he urged the necessity for the preparation of a series of local or 
regional floras to supplement Hooker^s great work. His proposals, after 
being approved alike by the local governments concerned and by the 
Supreme Government, encountered difficulties akin to those lie bad 
experienced in connection with cinchona, so that nothing beyond what he 
himself could accomplish had been done in this direction when he left India 
in 1898. In the end these difficulties were overcome, and the work he had 
siiown to be necessary has already been partly accomplished, 

As Professor of Botany at the Medical College of Bengal, King was a lucid 
and effective teacher, and in the course of study to which he subjected his 
pupils he, with the approval of Government, effected at the outset alterati^a^ 
wWch to his practical mind seemed improvements. The course, as he found 
it, was modelled on those adopted in medical scimols in Britain, wMere the 
teacher was either content to coach his students to the point required to enable 
them to pass an examination on some prescribed standard, or was prone, if 
enthusiastic, to endeavour to bring his pupils to some approximation to has own 
standard of botanical knowledge. The first method King held to be a wastes 
of the time both of teacher and taught; ^he second, even if the laws of 
supply and demand bad rendered it desirable, he found to be impossible. Hie 
students, with hardly an exception, were young men who had suffered from 
what he held to be the injurious incubus, a western literary education; with 
minds often originally bright, their natural powers of observation had been 
inhibited and sometimes atrophied by close attention to the written word. 
In consideration of the fact that the real purpose of their presence in college 
was to acipiire a practical knowledge of surgery and medicine, he deemed it 
his duty to treat the subject he taught as purely ancillary to thia laudable 
end. His teaching therefore resolved itself, not into a course of Botany in 
the ordinary acceptation of the term, but into a steady application of 
botanical facts and truths to the training of the various senses of his 
students. If in the end they did come to know a good deal about the eubjeot, 
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this King considered a purely incidental result. The object he strove^ and 
strove successfully, to attain was toliabituatehis pupils to the art of observing 
natural facts, and to accustom thorn to the ordeal of giving reasons for the 
faith that was in them when confronted with objects that, though similar in 
externals, were essentially different. 

Tte exercise of King's husiness capacity was not limited to the departments 
which he administered. His local Government appointed him a member of 
the visithig Board of the Bengal Engineering College, an institution with 
whose objects as a technical school he was in entii’e sympathy, and in whose 
progress he took a warm and effective interest. He was appointed by its 
Chancellor a Fellow of the University of Calcutta, and was long a trusted 
member of the Senate, for a time also representing the medical faculty on the 
Syndicate. Hq represented tlie Supreme Government as a Trustee of the 
Indian Museum, an institution for which he did much important work, 
especially daring a numl/er of years when he was Chairman of the Trustees; 
from his resignation of that office till his retirement from Indian service he 
was Vice-chairman. When in 1894 the Government of India organised an 
enquiry into the indigenous drugs of the country, King was appoiutt^d 
Chairman of the Central Committee, and served in this capacity till he left 
for Europe. He took a deep interest in the welfai’e of the Asiatic Society of 
Bengal, and although he did not often accept a seat on its Council, he was 
always the trusted adviser of the Society’s officers in matters relating to its 
m^ffut^history side. Ho was an active member of Council, and at one time 
President of the Agricultural and Horticultural Society of India. 

It is somewhat interesting to observe that, in spite of his early distaste 
far iJuBiness, King's public services should have derived their chief value 
from his remarkable business aptitude, and that although the extent and 
gravity of*hi;3 official duties did not prevent the simultaneous prosecution of 
^Purely scientific studies, the possession of this business aptitude deprived him 
for many years of any opportunity of presenting ordered statements of his 
results, ^It is equally interesting to find that, as regards his scientilic work, 
the line which he took was not that towards which his tastes naturally led. 
When King reached India in 1866 his botanical interests were centred on 
physiological and morphological problems, and especially on those connected 
^ith cryptogams. Here, again, circumstance proved stronger than pre- 
dilection. The comparative poverty of the floras of Central India and 
^jputana led him to expend his surplus energy in important zoological 
studies ; during the rest of his career these were given to systematic work 
ooitmeoted with flowering plants. His practical mind realised, from the time 
he took charge of the Saharanpur garden, that however enticing bis favourite 
studies might be, the path of duty for him led elsewhere ; that the immediate 
needs of jieople und Government alike demanded that every official Indian 
botanist should devote himself to aiding Hooker in the prosecution of his 
fundamental undertaking of providing recognisable descriptions of Indian 
phimerogams ; and that until this floristic study was completed, the time for 
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indulging in the work he personally preferi’ed had not yet come. His duties 
as a forest officer taught him how difficult and yet how efisential the 
recognition of species that are of economic importance may be ; his experience 
then and afterwards, when engaged in the formation of a first-rate herbarium 
collection, led him to realise how frequently competent field workers, whese 
results in obtaining material for the study of herbaceous plants or shrubs may 
leave nothing to be desired, are deteiTed by what are doubtless serious 
physical difficulties from supplying specimens that adequately Illustrate 
arboreous types. His sense of the extreme importance, from the industrial 
standpoint, of full accounts of the constituents of the Indian forests, led him 
by precept and example constantly to strive to remedy this well-known 
defect. With all this he fully realised the desirability of advancing our 
knowledge of Indian cryptogams, more especially in regard to their 
connection with pathological problems, but he failed, for once, to convince 
Government how desirable it was to add a competent cryptogarnist to the 
garden staff. He did what he could to remedy the defect by referring 
material to experts in Europe, and here again his personal influence was 
of incalculable benefit to India. A friend, Dr, Cunningham,* devoted 
much of his scanty leisure to questions connected with vegetable pathology ; 
another friend, Dr. Barclay,! was an ardent student of the life-histories of the 
Uredineoj. For many years these two workers dealt on King’s behalf with 
critical references relating to the field of study which King was pi’eqljyjg^ 
f^om entering and their generous co-operation with him in the public interest 
only ended with the departure from India of the one and the untimely 
death of the other. Throughout his active career King kept himself abj^gast 
of what was done in most branches of botanical activity, but intimate friends 
alone were aware of the pain it gave him to observe the gradual drifting 
apart of workers in different lines of research. What grieved him most was^ 
the hostility, especially when this was veiled, sometimes displayed by men 
whose work connected with what they termed scientific ” botany h^held in 
high regard, towards "systematic” botany. This attitude on the part of 
students of problems which naturally attracted himself, towards conscientiofite 
workers in the field to which circumstance and a sense of duty confined him, 
caused King deep distress. 

The fact that King’s scientific attainments were on a level with his 
administrative gifts, though unknown to the world at large, could not be 
concealed from those with whom he corresponded on botanical -subjects, and in 
1884 his university conferred on him the degree of LL.D., while in 1887 he 
was elected into the Eoyal Society, He had since 1874 in reality done nmch 
critical work, but it was not until 1887, when the progress made with his 
garden improvements and especially in connection with the manufacture of 

* D. D. Ouiminghoin, CJ.E., F.B.S,, Professor of Physiology, Calcutta, and Secretary 
to the Sanitary CommiiwBioner with the Goveriwuent of India. 

t Arthur jBorclay (1852— Secretary to the Director-General, Indian S^edioal 
Service. 
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quinine seemed to justify the step, that King commenced the publication of 
important contributions to botanical literature, In that year the enlightened 
liberality of the Government of Bengal enabled King to found the ‘ Annals 
of the Royal Botanic Garden, Calcutta/ a series of sumptuous volumes in 
whi§h he proceeded to publish amply illustrated monographs of difficult 
and unwfeldy genera and families. The first of these deals with “the 
species of Ficus of the Indo - Malayan and Chinese countries,” On 
this work* he had bestowed the labour of much of his scanty leisure 
for eleven years, during which time he had examined the material 
preserved in every important European collection. The objects lie 
had in view were altogether practical ones ; the genus was selected 
because of its being largely composed of trees, many of them being of 
economic importance, and the monogi'aph was primarily intended to break 
ground for Sir Joseph Hooker and to assist that author in suhsetiuently 
dealing with its species. The work, however, is marked by such accuTacy, 
lucidity, and completeness that it at once placed King among the foremost 
systematic botanists of his time, and its appearance was rapidly followed by 
that of equally finished works on Quercus, Castanopsis, Artocarpus, and 
Myristica, all prepared with the same object and selected for the same 
reasons. When King visited Java in 1879 he had an opportunity of seeing 
something of the rich vegetation of Malaya, which made on his mind an 
ineffaceable impression. From Singapore he paid a botanical visit to Johor, 
in^ ooni^any with his friend Archdeacon (now Bishop) Hose. He collected 
.personally in Penang and Province Wellesley, and was subsequently able to 
arrange for the systematic botanical exploration of Perak. In 1886 facilities 
w8re afforded, at tbe request of King's friend, Sir Hugh Low, to Father 
Scortechini, who had also made extensive collections in Perak, to commence 
the preparation in the Calcutta herbarium bf a flora of that State. Scortechini, 
unfortunately, soon afterwards died, bequeathing to the Calcutta Garden all 
his speqimens, drawings, and notes. Sir Joseph Hooker and Sir Hugh Low 
now b^ged King liimself to undertake this very urgent task, and in 1889 he 
ctftomenoed single-handed a floristjc study of the whole Malayan Peninsula. 
As preliminary to the preparation of a local flora of the region — the first of 
the series of such floras, whose publication for tlie various provinces of India 
he was two years later officially entitled to urge — King began to issue, in the 
* Journal of the Asiatic Society of Bengal,' a series of contributions intended 
to serve as “ Materials for a Flora of the Malayan Peninsula,” but pi'epared 
with such care that they form a satisfactory substitute for a final work. 

Five instalments of this great undertaking, completing the Thalamiflorae, 
were issued up to 1893, but in the case of two important families, Magnoliaceee 
and Anonaceee, the study of the Malayan forms involved a careful examina- 
tion of extra-Malayan material, the results of which were embodied in two 
great monograplis simultaneously published in the garden * Annals/ In 
1895, King, having attained the age of fifty-five, was, under Indian rules, duo 
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to retire on April 11 without being able to qualify for the pension payable 
after thirty years’ service. In consideration of tlie importance of the work 
he liad in hand, his sej vice was extended for two years, and on July 1, 1895, 
he was further permitted to resign liis chair at the Medical College so as to 
leave more time for the floristic work on which he was engaged. In 1896 
with the eighth part of the ‘ Materials,’ King comjdeted the Disciflorffi, and 
in 1897 he was granted a further extension to permit him to carry still 
further his Malayan work and to complete a sumptuous monograph of the 
‘ Orchids of the Sikkim Himalaya,’ of great importance to horticulture, for 
which he provided the text, while one of his Cinchona officers, Mr. K. 
Pautling, prejaired the illustrations. Towards the end of 1897 his health, 
which since 1873 had been uniformly good, was completely undennined by a 
severe attack of fever, and his medical advisers peremptorily ordered the 
termination of his service. But Ixifore he left India on February 28, 1898, 
after more than thirty-two years of devoted service to the jieople and the 
(Government, he had the satisfaction of seeing the issue of the orchid mono- 
graph, and had carried his Malayan work to the middle of the Calycifione, at 
tlie end of the tenth fasciculus. On reaching England, King, resumed at 
Kew, his work on the Malayan flora. The state of his health, however, 
prevented his making great progress during 1898, and in 1899, owing to his 
consenting to serve as President of the botanical section of the British 
Association at its mooting at Hover, he was able to accomplish less 
had hoped. Ho had, moreover, under medical advice, to spend each winter 
and spring on the liiviera, and soon realised that he might never finish the' 
task ho had allotted himself. He faced the contingency with characM(i5i,tic 
practicality. By arrangement with his friend, Mr. H. N. Eidley, Director of 
the Singapore Botanic Garden, that botanist undertook the elaboral^ion of the 
Monocotyledonous families, while King worked out the remaining Dicotyo 
ledous, and when, in 1902, with the issue of the thirteenth part. King had 
finished the Calycifloras, he was joined by his friend, Mr. J. S. GamMo, in the 
elaboration of the Corolliflora?.. For three more years King took hia full 
share in the joint work, which now made*rapid progress ; after 1905 paftTal 
loss of sight and progressive infirmity led to his enforced abandonment 
of active participation in the task, and the only thare he could take in the 
preparation of the twenty-first part, whose issue coincided almost to a day 
with his death and completed the Corolliflorffi, was the examination of the 
sheets as they passed through the Press. He had, however,' the satisfiiction 
of seeing the issue in 1907 of the fitst portion, and the completion in 1908 
of what remained of Mr, Eidiey’s contribution to the great imdertaklng 
begun in 1889, 

King's reputation as a landscape gardener was well known; it brou^t 
him honorary association with various horticultural societies and irais 
recognised by the award of the Eoyal Horticultural Society’s Victoria Medal 
in 1901. The value of lus services to humanity in connection with the 
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fieparatiou and especially the distribution of quinine brought him honorary 
membership of the Pharmaceutical Society, the grade of Offioier d^Instruction 
publique, the gift of a ring of honour by the Czar Alexander III, and the 
Companionship, in 1890, of Uie Order of the Indian Empire. His work as 
H systematic botanist was also widely appreciated ; he was a corresponding 
member of the Bavarian Academy, an honorary member of the Boyal 
Botanic Society of Belgium and of the Deutsch Botanische Gesellschaft, one 
of the six honorary British Fellows of the Botanic Society of Edinburgh, and, 
a distinction that gratified him more than any other, an honorary member, 
after he left India, of the Asiatic Society of Bengal, with which he had been 
connected since 1867. The University of Upsala presented him with 
a medal in recognition of his botanical studies, and the Linnean Society, to 
which he had been elected in 1870, awarded lum its Liuneau medal in 1901. 
On January 1, 1898, he was, in recognition of his long and distinguished 
service, created a K.C.I.E., and immediately after his retirement a number of 
his personal friends united in obtaining a medallion portrait in bronze, which 
was placed, with a similar portrait of his friend, Dr. Cunningham, who for 
many years was Secretary to the Committee, in the Zoological Gardens 
which King had designed. A rcqdica of King's portrait was placed in the 
Royal Botanic Garden whose beauty he had restored. At San Remo, where 
he wintered yearly from 1898 till his death, another memorial, connected with 
j gpblicf institution whose welfare he had much at heart, will bear lasting 
witness to his quiet but effective devotion to the cause of practical 
philanthropy. 

^ing married, in 1868, Jane Anne, daughter of Dr. G. J. Nicol ; during 
Ins illness in 1897 she was with him in India. As he was slowly recovering, 
Lady King's health gave way. On the homeward voyage she gradually 
sank ; ste died in London the day following their arrival in England. From 
this blow King never fully recovered ; its effect became more and more 
appariQt as the solace of strenuous work was denied him. The heemorrhagic 
tendency of early life reasserted itself, and led to the rupture of a retinal 
\essel which deprived him of the use of an eye. The tendency steadily 
increased, and the melancholy induced by the feeling that his days of 
usefulness had ended was mercifully relieved by an apoplectic seizure to 
which King succumbed at San Remo on February 12, 1909. His remains 
were interr^, as he had desired, where he died. 

King's wide knowledge, which extended to most branches of science and 
embraced many aspects of art and literature, was accompanied by a natural 
modesty and a personal cliarm that rendered intercourse with him extremely 
pleasing, though literary or artistic friends rarely came to know of his 
scientific tastes, and scientific acquaintances had still fewer opportuniti^ of 
appreciating his critical acumen. But these, and other friends outside either 
category, fully understood his innate goodness and courtesy, his transparent 
candour, his shrewd sense, and his keen but kindly wit. A wise counsellor 
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and an unfailing friend, he was loved by all who were privileged to know 
him. King’s life was spent in doing with his might what his hand found to 
do, and if others have made more striking contributions to natural knowledge, 
none have rendered more self-sacrificing and devoted service to the nations 
of India and to the science of Botany. ^ 

D.P." 
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